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Summary:-
The reactions of S.6a-epoxy-3P-hydroxy-Sa-cholestane. 
S.6p-epoxy-3P-hydroxy-SP-cholestane. and S.6a-epoxy-3P-me-
thQlly-5a'-cholestane with boron trifluor1de etherate in 
benzene give largely products of rearrangement via 
c(S)-O cleavage. These results contrast with the known 
reactions of the corresponding 3P-acetoxy-epoxides which 
give h18h yields of fluorohydrins. 
The 3P-acetoxy-.3P-hydroxy-.and 3P-methoxy-. 
derivatives of S.6a-epoXY-5a-androstan-11-one and 
S.6a-epoxy-5a-pregnan-20-one react with boron trifluoride 
etherate in benzene to give. in addition to their 
respective fluorohydrins. products of rearrangement via 
c (5 )-0 cleavage. S. 6P-Epoxy-3P-hydroxy-SP-androstan-
-11-one and S.6p-epoxy-3P-hydroxy-SP-pregnan-20-one 
were found to react with boron trifluoride in a similar 
manner. 
In contrast to their cholestane analogues 3P-acetoxy-. 
3P-hydroxy-. and 3P-methoxy-. substituted S.6a-epoxy-19-
methyl-Sa-cholestanes react with boron trifluoride etheratc 
in benzene to give reduced yields of 1heir respective 
baokbone-rearranged compounds and a greater diversity of 
products derived from C(S)-O cleavage. including a number 
of l(l~ S)-abeo-steroids. 3P-AcetoXY-S.6p-epoxy-19-
-methyl-SP-cholestane gives the backbone-rearranged 
compound and 3P-acetoxy-S-formyl-19-methyl-B-nor-SP-
-cholestane as major products when treated with boron tr~fluoride. 
, 
Hi 
The 3a-acetoxy-, and }a-hydroxy-, substituted 5,6a-epoxy-
-19-methyl-5a-cholestanes when treated with boron trifluoride 
in benzene give a diverse array of products derived from 
C(5)-0 cleavage and none of their respective fluorohydrins. 
3a-AcetOXY-5,6P-epoxy-19-methyl-5~-cholestane reacts with 
boron trifluoride to give 3a-acetoxy-19-methyl-5a-cholestan-
-6-one and 5-acetoxy-3a,6~-dihydroxy-l9-methyl-5a-cholestane. 
3~-Acetoxy-,3~-hydroxy-, and 3P-methoxy-, substituted 
5,6a-epcxy-19-methylene-5a-cholestanes react with boron 
trifluoride to give their respective fluorohydrins in 
addition to rearrangement products derived from initial 
C(5)-0 cleavage. 
The above reactions are discussed qualitatively, in 
terms of the steric and electronic effects of the C(3)-, 
C(17)j and C(19)-substituents, and their effects on the 
competition between C(5)-0 cleavage and fluorohydrin formation. 
The nature and diversity of the products obtained have been 
rationalised in terms of a carbonium ion type of mechanism. 
The 6-keto-,6~-acetoxy-,and 6-desoxy-,derivatives 
of 9,10-epoxy-3~-methOXY-5-methyl-19-nor-5P,10a-cholestane 
and 9,10-epoXY-3~-methoXY-5-methyl-19-nor-5P,9~-cholestane 
react with boron trifluoride in benzene to give rearrange~nt 
products including backbone-rearranged products in addition 
to their respective.~(10),1l(12)_ and ~1(10),9(11)_compounds. 
The direction of epoxide cleavage and the balance between 
conjugated olefin formation and rearrangement is qualitatively 
equated to the variation in inductive (-I) effects of the 
iv 
C(6)-substituents. The greater yields of conjugated olefins 
from the ~-epoxides than the a-epoxides is ascribed to 
the greater degree of C(9) carbonium ion character necessary for 
migration of the ·8~-hydrogen atom in the former compounds. 
3~-Acetoxy-8.9-epoXY-5a.8a-lanostane reacts with boron 
trifluoride etherate in benzene to give 3~-acetoXY":5a-lanosta­
-7.9(1l)-diene. Under Similar conditions 3~~acetoxy-9.11a-
-epoxy-5a-lanostane gives a mixture of 3~-acetoXY-5a.9~-
-lanostan-ll-one and 3~-acetoxy-8~methyl-18-nor-5a.8a.14~-lanosta-
9(11).13(17)-diene. Treatment of 3~-acetoXY-5a-lanost-9(1l)-ene 
with N-bromoacetamide and perchloric acid gives 3~-acetoxy­
-7a-bromo-5a-lanost-8-en-ll-one. 
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INrRODUCTION:-
The epoxide ring may be opened using either an acid or 
Lewis acid catalyst in a non-polar solvent and in the absence 
of any effective nucleophiles, rearrangements may be induced. 
Any trisubstituted epoxide has an electronic preference for 
cleavage of the tertiary carbon oxygen bond. 
In the first systematic investigati,on of the reaction 
of some steroidal epoxides with boron trifluoride diethyletherate 
Henbest (la) found that a wide variety of steroidal epoxides 
gave ketones as their major products, the remaining materials 
being unidentifiable. 
The ketones are formed by a stereospecific hydride shift 
to the electron deficient carbon atom, produced by polarisation 
or fission of a carbon oxygen bond in the epoxide Lewis acid 
complex which is first formed. 
Subsequent work(lb) on the reaction of some 311-
-substituted 5,6-epoxy cholestame"' (Ia,b) showed the 
formation of fluorohydrins (lIa,b) instead of the ketones 
~Ia,b). Again some non-identifiable residues were obtained. 
The formation of the fluorohydrins was attributed to the 
presence of fluoride ions in the boron trifluoride. The 
slow fonnation of the fluorohydrins can only compete with 
the rapid formation of the ketones when the polarisation of 
the C(5)-0 bond 18 sufficiently inhibited by an electronegative 
substituent at C(3). It was also suggested that the move-
ment of a 31l-substituent from an equatorial to a less 
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favourable axial conformation in the formation of products 
having 5~-stereochemistry would inhibit the formation of 
these products. Subsequent work has shown that the yields 
of fluorohydrins may be substantially reduced by the use 
of freshly purified boron trifluoride diei;hyletherate. (2) 
The initial suggestion (lb) tha t the formation of a 
ketone from an epoxide was unfavourable if it led to 
formation of a ~-decalin type of structure'or one strained 
by large ~-diaxial interactions implies that the transition 
state determining the overall reaction path has a resemblance 
to the final product. (3) Thus, in the rapid and efficient 
conversion of the epoxy-cholestane (IV) to the ketone (V) 
a transition state (VI) derived from compound (IV) involves 
distortion only of ring A, towards its final conformation in 
the product (V). However, in the slow and inefficient 
conversion of the epoxide (Ic) to the ketone (IIIc) the 
comparable transition state (VII) has no conformational 
resemblance to the product. The transition state (VIII) 
which would resemble the product in this case would involve 
the energetically unfavourable distortion of the A and B 
rings simultaneously. 
Failure to give a ketone has therefore been interpreted(3) 
as conformational or steric frustration of the formation of 
the necessary transition state. Electrostatic or inductive 
effects of any neighbouring groups have also to be taken into 
consideration. In the cases where these effects are operative 
2. 
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an alternative pathway of elimination or rearrangement folloNed 
by elimination is pursued.(3) 
In a re-examination of the reaction of 3~-acetoxy-
5,6a-epcxy-cho1estane (la) with boron trifluoride, first 
investigated by Henbest, (lb) Hartshorn !!.al. (2) found 
that, depending upon the reaction conditions, a yield of 
up to 32% of a hydroxylic olefin was obtained in addition 
to the fluorohydrin (IIa). The ole fin was assigned the 
dimeric structure (IX). The 13,17-01efin1c bond is formed 
by C(5)-O cleavage of the epoxide (la), accompanied by a 
series of stereospecific trans-1,2-shifts of the groups at 
all the tertiary centres of 1he sterOid nucleus to give 
the 'backbone-rearranged' compound (IX) havil'.g an inverted 
stereoChemistry at each tertiary centre. Many examples of 
such rearrangements of epoxides to give backbone-rearranged 
compounds (usually as monomers) are well documented. (3) 
Similar rearrangements in the acid catalysed isomerisation 
of steroid and terpenoid olefins have also been observed 
and recently reviewed.(4a,b) 
These 'backbone rearrsngements' although superficially 
set up for a concerted process are unlikely to be completely 
so. Such concerted mechanisms would involve a simultaneous 
flattening of the four rings of the steroid and this would 
be energetically unfavourable, the calculated energy difference 
between the chair and half chair cyclohexane ring being 
15 k.cal.mole.-l (5) 
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The intermediaoy of disorete oarbonium ions is indicated 
in the reactions of the two 4,4-dimethyl-5,6-epoxy-cholestan-
-3-ones (Xa,b) with boron trifluoride. (6,7) Compound (Xa) 
gave as the only product the spiro-compound (XI), and 
compound (Xb) gave the backbone-rearranged compound (XII) 
(80%). 'll1e formation of a 6-ketone from the conformation 
(XIII) of the intermediate carbonium ion from compound (Xb) 
would be unfavourable since the 6u-hydrogen is held in the 
nodal plane of the carbonium ion.(6) Although the effect 
of the differences in so1vents and reagents cannot be accurately 
, 
assessed it is of interest to note that the analogous backbone-
, 
rearrangements of some steroid and terpenoid olefins have 
recently been interpreted both in terms of concerted mechanisms 
(8,9) (~b 10) 
and equilibrating carbonium ion mechanisms. ' . 
Recently evidence has also been presented for a carbonium 
ion mechanism in the Westphalen rearrangement of 5u-hydroxy-
_steroids~ll,12) 
To provide further information on the precise roles of 
electronic, conformational and steric factors in controlling 
the rearrangements of trisubstituted steroidal epoxides a 
study has been made of the boron trifluoride-catalysed 
reactions of some 5,6-epoxides, with varying subst1tuents 
at C(3),C(17), and C(19). Information of this type should 
help to clarify the nature of the mechanism or competing 
mechanisms involved in these rearrangements. 
4. 
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Discussion 1 :-
Treatment of 5,6a-epoXY-3~-hydroXY-5a-cholestane (XIVa) 
with boron trifluoride gave a mixture. Separation by 
preparative t.l.c. gave the fluorohydrin (XVa)(14) (2%), 
the C(6)-ketones (XVIa)(15) (4.5%) and (XVIb)(16) (ll%) , 
the Westphalen derivative (XVIla) (7%) and the backbone-
rearranged product (XVIIIa) (2) (10%) and a polar fraction. 
The (a)D value of the fluorohydrin (XVa) (_7.50 ) was 
considerably different from that previously reported, (14) 
(+ 360 ). However, the fluorohydrin was characterised as its 
C(3)-acetate (XVb), (14) the spectroscopic data for both 
compounds being satisfactory. In addition, the change in 
(M]D in preparing the C(3)-acetate (XVb) (_890 ) compares 
o 
well with that observed (-96 ) for the preparation of the 
C(3)-acetate of 3~,5,6~-trihydroXY-5a-cholestane.(17) 
The ~Iestphalen derivative (XVIla) was identified 
by the ~ n.m.r. chemical shifts of the 5~-rnethyl ("t8.62) 
and the 13fl-methyl ("" 9.23) groups, these being typical 
(12) . 
of compounds of this type. The 6~-proton also appears 
as the expected quartet(18) (~ 6.59, J(apparent), ~. 
11 Hz., 4 Hz.). Intense end absorption in the u.v. spectrurn(19 ) 
of the diaceta te (XVIIb) (€ n5 nm~ 5000) and Jones 
oxidation(20) of the diol (XVIIa) to the known diketone(21) 
(XVIlc) confirmed the assigned structure. 
Partial acetylation of the polar fraction using acetic 
imhydride/pyridine followed by preparative t.l.c. gave 
the mono-acetate (XVIIIb), the 3fl-hydroxyl being axial 
and relatively difficult to acetylate. Further acetylation 
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gave t.'1e lmown diacetate (XVIIIc) (2,22) (1.7%). Hydrolysis 
of the diacetate (XVIllc) to the·diOl (XVIlld)(2) and 
oxidation gave the diketone (XVIIIe)(2) also obtained from 
the diol (XVllla). The 6a-proton signal in the ~ n.m.r. 
spectrum of the diacetate (XVIllc) appears as a triplet 
(~5.42, J (apparent)~. 7.8 Hz.), presumably owing to 
the similarity of the chemical shifts of tbe 7a-and 713-
protons. (23) The epimerisation at e(6) is thought to occur 
through a e(1.o) or e(8) carbonium ion, as shown (fig.1.). 
A e(1.0) carbonium ion could exist in the conformations (1) 
or (2), the former being the more preferable. (24) In 
neither case is the e(5)-e(6) bond well disposed for cleavage, 
being in the nodal plane of the vacant e(lO) p_orbital.(25) 
With a e(8) carbonium ion (3) the e(6)-e(7) bond is well 
aligned (~.30° to the p-orbital plane) for cleavage.(25 ) 
In addition, in the case of the e(8) but not the e(lO) carbonium 
ion the recyclisation reaction could occur via a·six membered 
transi tion state, with the intramolecular removal of the 
e(9) hydrogen atom by the e(6) oxygen atom. 
This scheme is simip:ar to that recently proposed for 
the epimerisation at e(4) in the rearrangement of a 
4,5f3-epoxide. (24) Recently WhitloCk(26) has isolated 
aldehydes of the general type (XIX) from the Lewis acid 
and acid catalysed opening of some decalyl epoxides (XX). 
However the extra conformational mobility of a decalyl 
carbonium ion (fig.1. (4» coupled ~Iith the presence of the 
6. 
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geminal dimethyl group may enable a conformation as illustrated 
(fig.l (4» to be attained in which fission of the C(5)-C(6) 
bond (steroid nomenclature) may occur. 
Reactions formally similar to the proposed aldehyde 
recyclisation, involving the intramolecular attack of 
an olefin on an epoxide when treated with acid or Lewis 
d 11 kn (27a,b,c) aci , are tie own. 
Treatment of the diol (XVIIIa) with boron trifluoride 
gave recovered starting material. Similar treatment of 
the diol (XVIIa) gave only compound (XVIIIa) (as shown by 
t.l.c.). This indicated that neither compound (XVIIIa) 
or compound (XVIIa) were precursors of compound (XVIIId). 
The ketone (XVIb) was shown to isomerise slowly 
on silica gel to give its isomer (XVIa), thus accounting 
for the isolation of some of the latter. It was shown (t.l.c.) 
that the isomerisation of compound (XVIb) to compound (XVIa) 
did not occur under the conditions of the reaction or work up 
procedure. 
The mixture obtained by reaction of 5,6f!-epoxy-3f!-
-hydroxy-5f!-cholestane (13) (XIVb) was separated by 
preparative t.l.c. to give two major fractions, one of which 
was the ketone (XVIa) (20%). 
The second, more polar fraction was acetylated to give 
the diacetate (XVIIIc) (40%), purified by preparative t.l.c •• 
Preparative t.l.c. of the reaction miXture obtained 
from 5,6a-epoxy-3f!-methoxy-5a-cholestane (28) (XIVc) gave 
four fractions, which were acetylated and further purified 
7. 
by preparative t.l.c. to give the ketone (XVIc) (27%), 
the Westphalen derivative (XVIld) (18%), the backbone-
rearranged product (XVIII f) (9%) and a fourth non-acylable 
material (7%). 'lbe Westphalen derivative (XVIld) was 
readily identifiable from i ts ~ n.m.r. spectrum, the 
5~-methyl (""'(;.8.80) and 13~-methyl ("" 9.22) groups being 
9 10 (12) 
typical of a ~ , -compound. . In addition the acetate 
(XVIId) was hydrolysed and oxidised to give the known ketone 
(XVIIe). (28) The backbone-rearranged compound (XVIII f) 
was identified from its ~ n.m.r. and mass spectra. The 
former shows the 5~-methyl (-c:. 8.92) and 14~-methyl 
("'1:.9.12), the lower branch of the C(~ H3doublet appearing 
at~8.98. Double irradiation 88 Hz. dONnfield from the 
latter caused its collapse to a singlet ("'t: 9.03), showing 
the C(20) proton to be allyl1c and hence confirming the 
presence of a 13,17 olefinic bond. (2) The base peak in 
the mass spectrum (see table) of compound (XVIIIf) (m/e 
285) corresponds to the loss of acetic acid and the side 
chain from the parent ion (m/e 458). This was confirmed 
by accurate mass measurement. This important loss of side 
chain is typical of backbone-rearranged compounds.(22) 
Djerassi (29) has recently shown that the loss of side chain 
in the mass spectral fragmentation of steroidal nuclear 
olefins increases in importance as the olefinic bond approaches 
14 
the D-ring, such that, in the c::; - compound (XXI) m/e 
[M-1l3] becomes the base peak. The proposed allyl1c 
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cleavage reactions responsible for the side chain loss in 
1 14 ~ - , and l:::. -, compounds ce.nnot be directly 
operable in the case of the ~ 13,11 compound. Direct 
vinylic cleavage is also unlikely. The probable mechanism 
is therefore one of olefin isomerisation in the molecular 
ion; (30) prior to the al1y11c cleavage (fig.2), (1) or 
(2). Fragmentation (2) 1s analogous to that proposed by 
14 Djerassi for the L:>-- compound (XXI). 
The structure of the fourth compound (XXII) is based 
on the following evidence. Analytical and mass spectral 
(see table) data confirmed the molecular structure as 
The l.r. spectrum shows no hydroxyl or carbonyl 
bands indicating that the C(6) oxygen atom is involved in an 
oxide linkage. 1 The 220 M.Hz. H n.m.r. spectrum of 
compound (XXII) shows the c(6) proton signal as a doublet 
('"(.6.11, J • .2!!:.' 5.2 Hz.) and the 10j3-methyl signal as 
a doublet ( -c:. 9.09, J.1.5 Hz.). Consideration of these 
data led to the two possible structures (XXII) and (XXIII). 
An examination of molecular models revealed that the 
observed doublet (J .• .2!!:.' 5.2 Hz.) of the C(6) me thine could 
arise from either compound (XXII) or (XXIII), the dihedral 
angle betl'/een one of the C(1) protons and the c(6) proton 
o being.2!!:.. 90 in each case. Similarly the chemical shift 
of the c(6) proton could fit either structure. (31J 32 ) 
The preference for the structure (XXII) is based upon 
further data obtained from related compounds O:>iscussions 
2 and 3). The stereochemistry at C(5) is tentatively 
9. 
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assigned from mechanistic considerations. 
Treatment of the 6,9-oxide (XXII) with boron trifluoride/ 
acetic anhydride (33) gave a crude miXture which was hydrolysed 
and oxidised. Preparative t.l.c. gave the backbone-rearranged 
dioxo-spiran (XXIV). The l.r. spectrum of compound (XXIV) 
-1 -1 
shows bands at 1150 cm. and 1715 cm. for the two 
carbonyl groups. 1 The H n.m.r. shOl'/s the l4fl-methyl 
group (""t: 9.08) superimposed on the high field branch 
of the C(21)Hidoublet (1;: 9.04, J ~. 5 Hz.). Double 
irradiation 83 Hz. downfield from this doublet caused its 
collapse to a shoulder on the l4fl-methyl signal. (2) 
The base peak in the mass spectrum (see table )of compound 
(XXIV) (m/e 285) corresponds to the loss of side chain 
from the parent ion, confinning the £:::,. 13,11 structure ~22 ~ 
Compound (XXII) is probably formed by intramolecular 
attack of the 6a-oxygen atom on a C(9) carbonium ion. 
The formation of both a 1,3 oxide bridge (31) and 1,4 
oxide bridges (32,34) have been reported under similar 
conditions. 
The possibility of proton release from the boron 
trifluoride co-ordinated 3fl-hydroxyl group could be in part 
responsible for the low yield of fluorohydrin (XVa) from 
Compound (XIVa). Such a dissociation could reduce the 
bulkiness of the 3fl-substituent and conformationally facilitate 
C(5)-0-cleavage, or alternatively, the,released proton could 
catalyse the epoxide opening. Both of these alternatives 
10. 
may be discounted in view of the result of rearrangement of 
the 3fl-methoxy-epoxide (XIVc). 
In contrast to the reactions of the epoxides (XIVd) 
and (XIVe )(lb,2) the epoxides (XIVa), (XIVb) and (XIVc) 
give largely products arising from C(5)··0 cleavage. 
The reluctance of the epoxides (XIVd) and (XIVe) to 
undergo C(5)-0 cleavage was ascribed(lb) to the electron 
withdrawing nature of the 3fl-acetoxy-group. In addition it 
was suggested(lb) that the unfavourable equatorial to 
axial conformational change undergone by the 3fl-acetoxy~ 
group would hinder the formation of products with the 
5fl-configuration, from the 5,6a-epoxide (XIVd). 
However the conformational free energy differences 
between equatorial and axial acetoxy-, hydroxy,- and 
methoxy-groups are approximately the same(35) (see 
table 1). Assuming the effect of co-ordinated boron 
trifluoride is lmimportant, it seems likely ihat the 
proposed conformational effect is relatively unimportant 
in this series, and the electron withdrawing nature of the 
3fl-substituent (see table 1) (36,37) largely controls the 
competition between C(5)-0 cleavage and fluorohydrin formation. 
1l. 
SUBSTITUENl' 
X 
F 
Cl 
OAc 
OH 
OMe 
H 
"A 'VALUE (29 ) 
-1 k.cal.mole 
0.25 
0.4 
0.7 
0.7 
0.7 
TABLE 1 
+ 1.10 
+ 1.05 
... 0.90(31) 
+ 0.555 
+ 0.520 
+ 0.490 
Hartshorn and his co-workers recently reported that 
whereas the 3a-acetoxy-5,6a-epoxide (XIVf) gave essentially 
products arising from C (5)-0 cleavage, (38) the 3a-hydroxy-
-5,6a-epoxide (XIVg) gave a moderately good yield of 
fluorohydrin (JCVc) (47%). (32) These results show the ..... 
reverse trend to those described above. Hydrogen bonding as 
shown (XXV) could assist the formation of the fluorohydrin 
from compound (XIVg). 
Conformational opposition to C(5)-o cleavage by a 
3~-substituent implies that the reaction has some degree of 
concerted character. If the reaction 1s completely carbonium 
ion in character, the initially formed reactant like 
carbonium ion (XXVI) involves ne distortion of the A-ring 
and conformational opposition to its formation would not be 
expected. The direct formation of a product like carbonium 
ion e.g. (XXVII) from the initial rate determining C(5)-O 
cleavage is ene~geticallY unfavourable (3) but cannot be 
12. 
completely ruled out. 
If the inductive effect of the 3j3-substi tuent were the 
only factor governing the competition between C(5)-O cleavage 
and fluorohydrin formation then the 3j3-fluoro-5.6a-epoxide 
(XIVi) (39) should give a high yield of the fluorohydrin 
(XVd) when treated with boron trifluoride. A preliminary 
investigation of this reaction ~s shown (by t.l.c.) that 
the epoxide (XIVi) gives a complex mixture Nith no single 
major product. However. it will be necessary to look at 
this reaction in greater detail before the significance of 
the results can be accurately assessed. 
Some of this work has recently been reported by us in 
the literature. (40) 
13. 
Discussion 2:-
3~-AcetoxY-5,6a-epoXY-5a-androstan-17-one (XXVIlla)(41~ 
when treated with boron trifluoride in benzene gave a mixture. 
Preparative t.l.c. of the mixture gave recovered epoxide 
(XXVHla) (6.5%), the fluorohydrin (XXIX~)Q22) (68%) and 
the Westphalen derivative (XXXa) (17.5%). 
The Westphalen derivative was purified as its diacetate 
1 (XXXb) and was readily identified from its H n.m.r. and u.v. 
spectra. The former showed the 5~-rnethyl signal at -c:8.76, 
the 13~-rnethyl signal at 1: 9.00 and the 6~-proton as a 
quartet (J (apparent) II Hz. and 4 Hz.) at ""C:5.32. (12,18) 
The latter showed an intense end absorption (£. 215 nrn. 5,380). 
(19) Hydrolysis of (XXXb) 
3,6-diketone (XXXo). (42) 
and oxidation gave the known 
The crude reaction mixture from 5,6a-epoXY-3~-hydroxy-
5a-androstan-17 -one (XXVIIIb) (41) was acetylated and 
separated by preparative t.l.c. to give the Westphalen 
derivative (XXXb) (35%) and a second fraction, an 
inseparable miXture of three products, the fluorohydrin 
(XXIXa) (25~), the ketone (XXXIa) (18.5%) and the epoxide 
(XXVIIIa) (2.2%). The percentages of the three components 
were estimated from the integrated intensities of their 
1 
characteristic methine proton signals in the H n.m.r. 
of the mixture. A sample of the pure fluorohydrin (XXIXa) 
was separated by preparative t.Lc •• 
A sample of the mixture when treated with base-
gave a mixture of two products. This was treated with 
14. 
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periodic acid in acetone.(43) and gave, after preparative 
(44 ) t.1. c.. the 6-ketone (XXXIb) , confirming the presence 
of the ketone (XXXIa) in the original mixture, and the 
3~,5a,6~-triol (XXIXb). (45) 
Preparative t.1.c. of the reaction mixture obtained from 
5,6~-epoXY-3~-hydrOXY-5~-androstan-17-one (XXVIIIC)(41) 
gave three fractions. The first, an inseparable polar 
mixture (20%) was not further investigated. Preparative 
t.l.c. of the second fraction gave the ketone (XXXlb) 
(15%) and the fluorohydrin (XXIXc) (}6%) purified and 
identified as its diacetate (XXIXd). Treatment of the 
fluoro-compound (XXIXd) with base gave the epoxide (XXVIlIc). 
'lbe presence of the tertiary fluorine was indicated by the 
mass spectrum (see table), the parent ion (m/e 408) 
losing both one and two moles of acetic acid (m/e 348, 
288) followed by the loss of hydrogen fluoride (m/e 328, 
268 respectively). 
The third, minor, fraction was acetylated and purified 
by t.l.c. to give a compound tentatively formulated as 
1 (XXXIla) (6.5%). The H n.m.r. spectrum indicated the 
presence of a 5~-methyl group (1: 8.75) and a lIlO-double 
bond (--c: 4.67) by comparison with the spectrum of (XXXb) 
(5~-methyl at~ 8.76). The chemical shift of the 
l3~-methyl ('l: 9.11) is not consistent with a Cl 9,11_ 
Hydrolysis of (XXXIla) 
followed by OXidation, gave the dike tone (XXXIlb). 
15. 
The ~ n.m.r. spectrum exhibited signals at '"(4.5 
(W~, 12 Hz.), '1: 8.76 and 1:9.12 assigned to the olefinic 
proton, the 5~-methyl and the 13~-methyl groups respectively. 
The i.r. spectrum of (XXXllb) showed carbonyl bands at 
-1 -1 1745 cm. and 1720 cm. _ The u.v. spectrum showed the 
absence of an a,~-enone, thus eliminating the possibi]ties 
of ~ 4,5_ or D. 7,8_structures. Snatzke(47) has 
1 10 
reported the base catalysed isomerisation of a ij. , -3-ketone 
to the a,~-enone. However, treatment of the diketone (XXXIlb) 
under the same condition~ gave no change in the u.v. spectrum. 
was 
5,6a-EpoXY-3~-methoXY-5a-androstan-17-one (XXVIlld) 
prepared from 3~-methoxy-androst-5-en-17-one(48) by 
monoperphthalic acid oxidation. The 5,6a-stereochemistry 
was readily assigned from the ~ n.m.r. spectrum of (XXVIlld), 
the C(6)-methine appearing as a doublet (J (apparent) 4 HZ.)~49) 
The reaction mixture from treatment of the epoxide 
(XXVIIId) with boron trifluoride >Ias separated by preparative 
t.l.c. to give two fractions. These 11ere acetylated and 
further separated by t.l.c. and gave the Westphalen derivative 
(XXXd) (20%), the ketone (XXXIc) (21%), the fluorohydrin 
(XXIXe) (13. 5i~) and the epoxide (XXVIIId) (4.2%). The 
Westphalen derivative (XXXd) was readily identified by a 
comparison of its ~ n.m.r. spectrum >Iith that of (XXXb). 
The u.v. spectrum of (XXXd) showed a strong end absorption 
(E 2l5n~~) confirming the presence of the 9,10-double 
bond. (19). 
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The ketone (XXXIc) was identified from its l.r.spectrum 
-1 1. (1.750, 1.71.5 cm. ) and H n.m.r. spectrum. The cis-A,B-ring 
junction was confirmed by the equatorial 3a:-proton ("t. 6.59, 
W~ 8 I:lz.). The 1.0~- and l3fl-methyl group signals appeared 
as a singlet (-,; 9.1.4). This was consistent with the 
calculated values for the angular methyl signals of compound 
(XXXIc). (46) The fluorohydrin (XlCIXe) was readily identified 
from its ~ n.m.r. spectrum. Doublets at "'(..5.71. (JHF ~.50. 
Hz.) andl:8.87 (JHF 5. Hz.) were observed due to coupling 
of the 6~-fluorine atom with the 6a:-proton and 10~-methyl 
group respectively. (50) The hydroxyl bands ()61.0, 3400 cm. -1) 
in the l.r. spectrum confirmed the presence of the 5a:-hydroxyl 
group. The mass spectrum (see table) and analytical data 
supported the proposed structure (XlCIXe). 
The mixture derived from the reaction of boron trifluoride 
etherate with 3~-acetoxY-5,6a:-epoxY-5a:-pregnan-20-one (XXXIIIa) 
(41.) was separated by preparative t.l.c. to give the fluoro-
hydrin (XXXIVa)(1.4) (76%), the Westphalen derivative 
(XXXVa) (88~) and the epoxide (XXXIIIa) (1.3%). The 
Westphalen derivative was purified as its diacetate 
and was readily identified from its ~ n.m.r. (1.2,18) 
U.v. spectra. (19) 
(XXXVb) 
and 
Hydrolysis and oxidation of (XXXVb) gave the known 
dike tone (XXXVc) ~51) confirming the aSSigned structure. 
The reaction mixture from 5,6a:-epoxy-3fl-hydroxy-5a:-
-pregnan-20-one (XXlCIIIb) (41.) was acetylated and separated 
by preparative t.l.c. and gave the fluorohydrin (XXXIVa) 
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(9%), the Westphalen derivative (XXXVb) (37%) and the ketone 
(XXXVIa) (31%). The ketone (XXXVIa) was identified from 
1 . 
its H n.m.r. spectrum. The 5~-stereochemistry was indicated 
by the equatorial C(3)-proton (-,: 5.02, W~. 8 Hz.). The 
10~-methyl signal ('l: 9.14) and 13~-meth~1 signal (""I: 9.44) 
were also consistent with the assigned structure. (46) The 
ketone previously reported by Mihina (52) as (XXXVIa) is in 
fact (XXXVIb). This follows from its mode of preparation 
(under basic conditions), and by comparison with the original 
11 terature. (53) 
The reaction mixture from 5,6~-epoXY-3~-hydroXY-5~­
-pregnan-20-one (XXXIIIc) (41) was acetylated and separated 
by preparative t.l.c. to give the fluorohydrin (XXXVII) 
(62.5%) and the ketone (XXXVIb) (53) (26%). The fluorohydrin 
(XXXVII) was readily identified from its analytical and 
spectral data. The presence of a 5a-fluorine atom was 
confirmed by the mass spectrum (see table) in which the parent 
ion (m(e 436) lost acetic acid (m/e 376) followed by 
hydro~n fluoride (m(e. 356). 
5,6a-Epoxy-3~-methoXY-5a-pregnan-20-one (:lCXXIIId) was 
prepared by monoperphthalic acid oxidation of 3~-methoxy­
-pregn_5_en_20_one.(54 ) The 5,6a-stereochemistry of 
(XXXIIId) was supported by the .~ n.m.r. spectrum in which 
the C(6)-proton appeared as a doublet (""G 7 .25, J (apparent) 
4 Hz.).(49) 
Preparative t.l.c. of the mixture obtained from the 
18. 
epoxide (JOCXIIId) gave two fractions. '!he first fraction 
was further separated by t.l.c.; the components were 
acetylated, and again subjected to t.l.c., to give the 
Westpb~len derivative (XXXVd) (230), the fluorohydrin 
(XXXIVb) (8%) and the spiro-compound (XXXVIII) (3.5%). 
The second fraction on preparative t.l.c. gave the ketone 
(XXXVlc) (13.5%) and the spiro-compound (XXXIX). 
The ~lestphalen derivative (XXXVd) was readily identified 
from its ~ n.m.r., by comparison with that of (XXXVb), 
and from the intense end absorption in its u.v. spectrum 
(19) ( E. 215 nm. 5,200). The fluorohydrin (XXXIVb) was 
readily identifiable from the characteristic proton to 
fluorine spin-spin coupling constants observed for the 
6a-proton (JHF 50 Hz.) and 10~-methyl group (JHF 5 Hz.). (50) 
The i.r. spectrum (3600, 3450 cm.-l ) confirmed the presence 
of the tertiary hydroxyl group. 
The u.v. spectrum (t 215 nm. 6,520) of the spiro-compound 
(XXXVIII) indicated the presence of a tetrasubsti tuted 
olefinic bond. (19) The methyl group appeared as a broad 
singlet (1: 8.32) in the ~ n.m.r. spectrum, owing to allylic 
coupling. The 13~-methy1 group (""C 9.31) and 6~-methlne 
proton ("1:' 5.33, J (apparent) 11 Hz., 4 Hz.) confirmed the 
9,10-position of the double bond by comparison with the 
1 H n.m.r. spectrum of (XXXVd). The C(5) stereochemistry 
was assigned on mechanistic considerations. 
The 5~-stereochemlstry of the ketone (XXXVIb) was 
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indicated by the equatorial 3a-proton (L' 6.58 (W~, 8 Hz.». 
The 13~- and 10~-methyl signals ("t. 9.42, 9.19 respectively) 
also agreed with the proposed structure. (46) 
The structure >as assigned to the compound (XXXIX) 
ess~ntially by comparison of its ~ n.m.r. spectrum with 
that of the compound (XXII) (see also Discussion 3). 
Analytical data and the mass spectrum (see table) showed 
it was isomeric with compound (XXXIIId). The i.r. spectrum 
of compound (XXXIX) showed no hydroxylrband. 
1 The 100 M.Hz. H n.m.r. spectrum of compound (XXXIX) 
showed a double t (J ~. 6 Hz.) at '"C 6.17 aSSigned to the 
6~-proton. The 10-methyl group gave rise to a doublet 
(J~. 7.5 Hz.) at "(9.15. Double irradiation 66 Hz. 
downfield from the 10-methyl doublet caused its collapse 
to a singlet. 
The pr~ceding results show that, as with the cholestane 
5,6a-epoxides (XIV d,a,e), variation of the 3P-substituent 
from acetoxyl to hydroxyl and methoxyl in the 5a-androstan-
-17-one 5,6a-epoxides (XXXVIIIa,b,d) and 5a-pregnan-20-
-one 5,6a-epoxides (XXXIIIa,b,d) produces a reduction in 
the yields of their respective fluorohydrins and an increase 
in the percentage of products derived from C(5)-0 cleavage. 
However, the reduction in yields of the fluorohydrins are 
not as great in the latter two series as in the cholestane 
series. This may be due to the operation of long range 
effects de stabilising the formation of a C(5)-carbonium 
20. 
ion (Al type mechanism) relative to fluorohydrin formation 
(A2 type mechan,ism). Long range conformational, electro-
static and inductive effects have been reviewed recently.(55) 
It is not clear which of these effects (or combination of 
these) operates in this case. If the yields of the isolated 
fluorohydrins are accurately representative, then for a 
given 3~-substituent the decrease in yield of the fluoro-
hydrins on progressing from the androstan-17-one through 
the pregnan-20-one to the cholestane series of epoxides can 
be qualitatively equated with the expected reduced 
inductive (-I) effect felt at C(5) from the C(17)-
substituents.(36) A more quantitative approach is 
necessary however to provide definite evidence ori Nhich 
effects operate. 
The effect of ring D and its substituents on the fate 
of the C(5) carbonium ion, once formed, i.e. the ratio 
of products derived from lO~-methyl migration to other 
products, cannot be assessed from the above results. 
However, cpastes de Paulet(56) has suggested such an 
effect would operate. 
It has been found that the olefins (XL) can be 
rearranged to the "backbone" products (XLI) (57) demons tra ting 
tbe feasibility of such re arrangements with a l7~-acetyl 
substituent. The 5a-pregnan-20-one epoxides (XXXIIIa,b,d) 
gave no such backbone rearranged compounds. However, 
the compound (XXXIX) isolated from the epoxide (XXXI lId ) 
21. 
does arise from a C(9) carbonium ion. It would therefore 
appear that the combined presence of the C(6a)-O~F3 and 
the 11-CH3CO groups prevent the formation of a c(8) 
carbonium ion. Electronegative groups at c(6) have 
recently been shown to inh1bit c(8) carbonium ion formation. 
For example, the hydroxy-steroid (XLII) gives the olefins 
(XLIII) (14%) and (XLIV) (3%) Under the conditions of the 
Westphalen rearrangement. (58) The efficiency of the 
backbone rearrangement from some 10~-hydroxy-steroids has 
also been found to be susceptible to c(6) electronegative 
substituents.(59) 
22. 
Discussion 2:-
Having investigated the se~itivity of the boron tr1fluoride-
catalysed opening of some 5,6-epaxides with variations in the 
I 
3~-substituent it was decided to determine whether these 
reactions are sensitive to changes in C~9)-substituents. 
It "as felt that some C(19 )-methyl-epoxides (XLV) would 
provide the simplest system for 'an initial study. In such 
a system the change in electrOnic effects from the lO~-
substituent would be minimised, allowing a study of an~ 
conformational or steric effects operating. This system 
(XLV) would also provide a useful parallel to the work on 
the Westphalen rearrangement of C(19)-substituted steroids 
which was being undertaken in these laboratories at 
the time.(60a,b) 
The C(19)-oxo-compound (XLVI) was prepared as 
described in the 11 terat~e. (61) Treatment of the compound 
(XLVI)I with, .me.:thylenetriphenylphosphorane in dry benzene 
gave the diene (60a) (XLVII) (69%). Selective hydrogenation 
of the diene (XLVII) wiWpalladi1.DD-CharCoal catalyst gave 
the C(19)-methyl compound (XLVIIIa). A single viny11c 
1 proton sigr.al ("'(.4.55, wt ~. 9 Hz.) in the H n.m.r. 
spectr1.DD confirmed that reduction of the lO~-ethenyl group 
had occurred. Oxidation of the olefin (XLVIIIa) with 
monoperphtha11c acid gave the a-epoxide (XLVa) selectively. 
The stereochemistry of the epoxide was confirmed by the 
~ n.m.r. spectr1.DD in which the 6~-methine proton 
appears as a doublet (J 3.1 Hz.). (49) Acetylation of the 
compound (XLVa) using acetic anhydride in pyridine gave 
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the epoxide (XLVb). 
313-Methoxy-19-methyl-cholest-5-ene (XLVIIIb) (60b) was 
prepared by treatment of 19-methyl'·cholesterol (XLVIIIa) 
with perchloric acid in trimethylorthoformate; (62) Oxidation 
of the compoun,: (XLVIIIb) with monoperphthalic acid gave 
the 5,6a-epoxide (XLVc) selectively~ The 5a,6a-stereochemistry 
was confirmed by 1 (49) the H n.m.r. . spectrum (cf. XLVa). 
The epoxide (XLVa) was reduced with lithium aluminium 
hydride in ether to give the 31l,5a-diol (XLIXaj (68%). 
This, on treatment with methane sulphonyl chloride 1n 
pyridine, gave the 313-mono-mesylate (XLIXb) quantitatively. 
The mesylate (XLIXb) was refluxed with acetyl chloride in 
1:1 chloroform/diethylan1line.(63~ Column chromatography 
of the crude reaction product gave pure 3a-acetoxy-19-methyl-
. cholest-5-ene (XLVIIIc) (45%). 
The ~ n.m.r. spectrum of the compound (XLVIIIc) showed 
signals for the expected 31l-equatorial methil1lt proton (W~., 
9 Hz.), the olefinic proton (1:4.58), and the 3a-acet.oxy 
group <"1::8.08). 
Epoxidation of the olefin (XLVIIIc) with monoperphthalic 
acid gave a mixture which was separated by preparative t.l.c. 
to give the 5,6a-epoxide (XLVd) (32%) and the 5,61l-epox1de 
(XLVe) (38%) • 
The spin-spin coupling ,)!ltterns and chemical shifts 
observed for the c(6) protons in the ~ n.m.r. spectra of 
compounds (XLVd) (~7 .40, d, J E!.' 3 Hz.) and (XLVe) ("I: 7.31 
.~ w-l E!.' 4 Hz.) allowed the assignment of the epoxide stereochem1stry 
in each case. (49) The mass spectra (see table) and analytical 
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data for compounds (xr..vd) and (XLVe) also supported the 
assigned structures. HydrolySiS of the two epoxides (XL Vd ) 
and (XLVe) gave the 3a-hydroxy-epoxides (XLVf) and (XLVg) 
respectively. 
19-Methy1:cholesterol (XLVIIIa) was treated with 
perfonnic acid to give the 5a-hydroxy-6j3-formate (La) which 
was hydrolysed to give the triol (, Lb ). Reaction of the 
triol (Lb']) with acetic anhydride and ,E-toluenesulphonic 
acid gave the triacetate (i'LCj). The triacetate (jLc;) was 
refluxed with ethanolic potassium hydroxide and the crude 
reaction mixture re-acetylated using acetic anhydride in 
pyridine. Column chromatography of this mixture gave the 
5j3,6j3-epoxide (XLVh) (40%). The mass spectrum (see table), 
analytical data and lH n.m.r. spectrum tc(6a)..H, '"t: 7.14 
wi ~. 4Hz.) supported the structure (XLVh). Hydrolysis 
of the epoxide (XLVh) gave the epoxide (XLVi). 1 The H n.m.r. 
spectra of the a-epoxides (XLVa,b,c,d,f) all show a 6~-
-proton-7j3-proton coupling constant of 2.. 3.1 Hz. This 
is smaller than that observed for normal l0j3-methyl-5,6a-
(49) 
-epoxides (J 3.7-4.8 Hz.). 
The most stable confonnation for the ethyl group in 
the epoxides (XLVa,b,c,d,f) is probably close to that 
represented in (LI). The lOj3-ethyl group suffers an 
interaction with the lij3-hydrogen atom and 1,3-interactions 
with the syn-2j3;4j3,- and 8j3-hydrogen atoms. These inter-
actions being greater than those for a lOj3-methyl group 
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probably cause some flattening of the A~and B-rings and 
possibly the C-ring. This would cause the 7-carbon atom 
to rotate towards the fl-face of the molecule. The 6fl-proton-
7fl-proton dihedral angle would increase and thus lead to the 
reduced spin-spin coupling constant l1hich is observd For 
the fl-epoxides (XLVe,g,h,i), this flattening would increase 
the 6a-proton-7fl-proton dihedral angle and decrease the 
6a-proton-7a-proton dihedral angle. The coupling constant 
for the latter would increase while that for the former 
would decrease, thus causing the normally observed narrow 
doublet(49) (J 2.1-2.7 HZ.) to become an unresolved multiplet 
in the fl-epoxides (XLVe ,g,h,i). 
The epoxide (XLVb) was treated >li th boron trifluoride 
in benzene, and the reaction mixture separated by preparative 
t.l.c., to give three fractions. Further t.l.c. of one of 
these gave the aldehyde (LIIa) (13%) and the ether (LIIIa) 
(3%). Acetylation and preparative t.l.c. of the remaining 
fractions gave the fluorohydrin (LIV) (19%), the ketone 
(LVa) (19%), the olefin (LVIa) (3.5%), the Westphalen derivative 
(LVIIa) (15%), the backbone-rearranged compound (LVIIIa) (3%) 
and the spiro-compound (LIXa) (3%). 
The fluorohydrin (LIV) was readily identified from 
1 
sp:ctroscopic data. The H n.m.r. spectrum shows the c(6)-
-me thine proton as a doublet (JHF~. 49 Hz.). The Lr. 
spectrum confirms the presence of the tertiary hydroxyl group 
(3440 cm.- l ). Identification was confirmed by the conversion 
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AeO 
I 
CHO 
LXI LXII 
of the fluorohydrin (LIV) to the epoxide (XLVa) with methanol1c 
potassium hydroxide. '!'he ketone (LVa) was identified from its 
l.r. spectrum (1740, 1710 cm.-l ). The 5i3-configuration of the 
1 ketone (LVa) was confirmed by the H n.m.r. spectrum which 
showed an equatorial C(3)-proton (w~.,.£!!." 8 Hz.). 
The structure of the olefin (LVIa) was tenta ti vely 
assigned on the following spectroscopic evidence. 1 The H n.m.r. 
spectrum of the compound (LVIa) shows the 13i3-methyl group 
(~ 9.30) and an olefinic proton (1: 4.75). The chemical 
shift of the 13i3-methyl group excludes the possibility of 
14 (46) 
or ~ -structures, and is consistent wi th the 
-
observed chemical shifts ("'t. 9.30 - 9.32) of 13i3-methyl groups 
in other £)1,10 -compounds. (60a) Hydrolysis and o,:idation 
of compound (LVIa) gave the diketone (LVIb) which shows no 
4 
a,i3-enone absorption in its u.v. spectrum, excluding ~ - or 
D, 7 - structures .Attempted base catalysed isomerisation 
of the compound (LVIb)(47 ) gave a complex mixture which was 
not further investigated (c.f. compound (XXXIlb)l 
The chemical shift of the 13i3-methyl group (iC 9.2) in 
compound (LVIla) is typical of cS -compounds. (12) 'Ibe 
triplet due to the methyl portion of the 5i3-ethyl group 
appears at"(;; 9.30. Strong erA· absorption (£ 215 run. 5,300) 
in the u.v. spectrum of compoun<'l. (LVIla) indicates the 
presence of a 9,10-double bond. (19) Hydrolysis and oxidation 
of the diacetate (LVIla) gave the diketone (LVIlb) 
( f. 215 run, 5,600). The i.r. spectrum shows a carbonyl band 
at 1725 -1 cm •• The chemical shift of the methyl triplet of 
the 5fl-ethyl group in compound (LVIIb) (;;:: 9.46) is similar 
9 (60a) to that previously observed for a 5fl-ethyl-6-oxo- t::s -compound. _ 
The L\13,17_compound (LVIIIa) was identified from its 
- , 
~ n.m.r. spectrum. The C(21)H,-dOublet appears at i;; 9.05 
(J~. 6 Hz.). Doable irradiation 88 Hz. downfield from 
the doublet caused its cOllapse.(2) The mass spectrum (see 
(22 ) 
table) of the olefin (LVIIIa) shows an intense and characteristic 
peak at m/e 387, corresponding to loss of side chain. Hydrolysis 
and oxidation of the diacetate (LVIIIa) gave the dike tone (LVIIIb). 
-1 The i.r. spectrum shows a carbonyl absorption at 1720 cm .• 
1 
The H n.m.r. spectrum of the spiro-compound (LIXa) 
appears to be that of a typical Westphalen compound. The 
13fl-methyl signal appears at "C 9.20, (12) and the c(6) methine 
appears as a quartet ('t; 5.28, J(apparent) 11 Hz., 4HZ.).(18) 
Hydrolysis and oxidation of the diacetate (LIXa) gave the 
dike tone (LIXb). The Lr. spectrum of the diketone (LIXb) 
clearly -1 shows the cyclopentanone (1752 cm. ) and cyclohexanone 
(1715 cm. -1) systems, confirming the structure of compound 
(LIXa) • Low field chemical shifts of 13fl-methyl groups in 
spiro-compounds of this type have been noted by other 
workers. (6,7) The C(5) stereochemistry was assigned on 
mechanistic considerations. 
The aldehyde (LIIa) shows the expected Singlet 
1 ('t: 0.3) in the H n.m.r. spectrum for the a1dehydic proton. 
The i.r. spectrum also confirms the presence of the aldehyde 
28. 
-1 group (2720, 1720 cm. ) • The signal due to the C (3) proton 
1 (W~., 13 Hz.) in the H n.m.r. spectrum does not allow a 
completely unequivocal assignment of the C(5) stereochemistry. 
It does indicate a possible 5~-configuration for the aldehyde 
(LI!.a) in Which the A-ring adopts a twist conformation, 
possibly to relieve the 1,3-interaction between the 5~-
alde':1yde and 3~-acetate groups. Oxidation of the aldehyde 
(LIIa) followed by hydrolysis gave the hydroxy-acid (txa). 
Treatment of the acid (LXa) with a trace of toluene-,E-sulphonic 
acid in refluxing benzene gave the ~ -lactone (LXI) in 
high yield (" 1780 cm. -1). 
max. 
1 The H n.m.r. spectrum 
shows an equatorial C(3) methine proton ("'( 5.5, W~., ~. 
8 HZ.) in support of the chemical evidence for the 5~-aldehyde 
group. 
The ~ -lactone (LXI) was refluxed in methanol1c 
potaSSium hydroxide for 6 hr. to give a polar material. 
This was treated with diazomethane. Preparative t.l.c. 
gave the hydroxy-ester (LXb) (40%). This ester (LXb) was 
1 
shown (by t.l.c. and H n.m.r. data) to be identical with an 
authentic sample obtained directly from the acid (LXa). 
The possibility of C(3)-0 cleavage occurring during 
lactonisation and the alternative structure (LXII) for the 
aldehyde can thus be excluded. 
'!he structure of the ether (LIIIa) rests on the 
following evidence. 
1 -
The H n.m.r. spectrum of the ether 
(LIIIa) shows a doublet at", 6.33 (J. ca., 6 Hz.), assigned 
to the c(6) proton. The l.r. spectrum of the compound 
29. 
o 
R LXVIII 
ri' [RI 
(a) ~OAc,1I aOAc ,H· 
(b) ~OH,H aOH,H 
R LXVII Rl (c) =0 =0 
(a) ~OAc,H aOAc,H 
(b) ~OH,H aOAc ,H 
(c) ~OH,H aOH,H 
(Lllla) shows no hydr~yl band and suggests the C(6) oxygen 
function is an ether. The l.r. spectrum of compound (LIIIb) 
shows no carbonyl band. Oxidation of the alcohol (Llllb) 
-1 gave the cyclopentanone (LlIIc) (~ 1740 cm. ). 
max. 
'Ibe 1li n.m.r. spectrum of the ketone (LIIIc) showed the 
c(6)-methine protel, at ...:: 6.10 (J. ~. 6 Hz.). An examination 
of molecular models showed that the three structures (LIII), 
(LXIII) and (LXIV) could each give rise to the obser~ed c(6)--
methine proton doublet. The ~ n.m.r. spectra of the similar 
compounds (XXII) and (XXXIX) each ShO~1 the 10-methyl group as 
a doublet excluding the general structure (LXIII). 
Attempted reduction of (LIIlb) with lithium aluminium 
hydride and vlith lithium in ethylamine gave recovered starting 
material. The unreactive nature of the cyclic ether would 
not be expected for a highly strained oxetan such as (LXIII) 
or (LXIV), and led to a preference for the structure (Lllla) 
for the ether. 
Treatment of the ether (LIIIa) with boron trifluoride in 
acetic anhydride(33) gave a single product, the diacetate 
(LXVa). The ~ n.m.r. spectrum of the diacetate (LXVa) shows 
the C(21)H3-doublet (~9.04, J. ~. 6 Hz.) and the 141'1-
-methyl group (-c: 9.18). Hydrolysis of the diacetate (LXVa) 
1 gave the diol (LXVb). The H n,m.r. spectrum of the diol 
(LXVb) shows the C(21)~-doublet (~9.04, J.~. 8 Hz.) and 
the 141'1-methyl group (1: 9.17). The base peak in the mass 
spectrum of the diol (LXVb) (m/e 285) corresponds to the loss 
30. 
of side chain and water from the molecular ion, confirming 
the ()..13,17_structure. (22) Oxidation of the diol (LXVb) 
gave the dike tone (LXVc). The i.r. spectrum shows carbonyl 
-1 -1 hands at 1750 cm. and 1715 cm •• The ~ n.m.r. and mass 
spe~tra again support the assigned ~13,17 structu.~. 
Treatment of the diacetate (LXVa) with osmium tetroxide 
in ether/pyridine gave the ~-glycol (LXVI). The i.r. 
spectrum of the compound (LXVI) confirms the presence of the 
tertiary hydroxyls (3640,3500 cm.- l ). The structure is 
1 . 
also supported by the H n.m.r. and mass spectroscopic ~.:>.ta. 
The glycol (LXVI) was treated with periodic acid to give the 
dione (LXVIla). The ~ n.m.r. of the dione (LXVIla) shows 
the C(21 )~-doublet ("(. 9.01, J. ~. 7 Hz.) and the 
14~-methyl group (1:: 9.01). The mass spectrum shows a 
strong peak (m/e 448) corresponding to the loss of side 
chain by a McLafferty rearrangement.(64) Hydrolysis of 
the dione (LXVIla) with potassium carbonate gave the hydroxy 
acetate (LXVIlb). On further treatment of the mono-acetate 
(LXVIlb) with potaSSium carbonate the diol (LXVIlc) was 
obtained. The i.r. spectrum of the diol shows a carbonyl 
-1 
absorption at 1710 cm. consistent with the assigned 
structure. The ~ n.m.r. spectrum of the dione (LXVIlc) 
s),ows the C(21)H
3
-doublet ('" 8.91, 9.04) and the 14~-rnethyl 
group ('t' 9.04). Double irradiation 88 Hz. downfie ld from 
the C (21)~ doublet causes its collapse and confirms that 
the C(20) proton is alpha to a carbonyl group. (2) The 
31. 
mass spectrum of compound (LlCVIlc) shol1s a strong peak (m/e 
364) corresponding to loss of side chain from the molecular 
ion by a McLafferty rearrangement.(64) This was confirmed 
by accurate mass measurements. 
The ec<clusive formation of the 6 13,17 -compound 
(LXVa) from the ether (LIIIa) lends some support to the 
proposed structure, since a series of ~-l,2-shifts 
are possible to give the compound (LXVa). A structure 
(LXIV)· would need the development of a full carbonium ion 
at C(8) to enable a £!§-migration of the l4a-proton to 
take place. This is probably a less favourable process. 
The use of boron trifluoride in acetic anhydride/acetic 
acid has been reported to reduce the percentage of rearranged 
products compared to the boron trifluoride in acetic anhydride 
system. (65) Presumably the presence of a basic species 
i.e. acetate anion, from the solvent enables elimination, 
by an El and/or E 2 type mechanism, to compete effectively 
with the rearrangement. Treatment of the ether (LIIIb) 
with boron trifluoride/acetic anhydride/acetic acid gave 
two products. Preparative t.l.c. gave the olefin (LXVa) 
(45%) and a second olefin (LlCVIlla) (55%). 1 '!be H n.m.r. 
spectrum of the compound (LXVIlla) shows an olefinic proton 
('"t 4.73) and the 13~-methyl group (L: 9.39). 'lbe high 
14 field position of the 1313-methyl group excludes a " -structure 
and th d 9,11 t t (46,66) supports e assigne ~ -s ruc ure. 
Hydrolysis of the diacetate (LlCVIIIa) gave the diol (LlCVIIIb) 
which was oxidised to give the diketone (LlCVIIIc). The 
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u.v. and Lr. (\) 1755,1715 cm. ) max. spectra of the 
compound (LXVIllc) show the absence of an et, f3-enone system 
and a 6 7 - structUre is thus excluded. 
Allyl1c oxidation of the diacetate (LXVIIIa) using 
N-bl'omosuccinimide 
(67) 
in buffered aqueous dioxan gave the 
a,f3-enone (LXIX). The 1.r. spectrum (1685 cm. -1) 
indicates an et,f3-unsaturated cyclohexanone. This is 
confirmed by the u.v. spectrum (X 237 run, €. 
max. maxi 
11,100). This compares well with data for other 
~9,11_12_ketones.(68) 1 The 100 ~l.Hz. H n .l;l.r. spect.'Ilr11 
of the compound (LXIX) shows the 13fl-methyl group at low 
field (1:' 9.18). The downfield shift of this methyl group 
( 0.21 ppm) from that observed for the olefin (LXVIlla) 
is consistent with the introduction of a 12_keto_group.(46) 
The vinyl1c proton (-r: 4.35) appears as a doublet (J.~. 
2 Hz.) due t~ allylic coupling to only one proton. 
Examination of a molecular model of compound (LXIX) shows 
o 
that a 10et-methine proton has a 0 dihedral angle with the 
plane of the olefinic bond and consequently it would not 
couple to the' olefinic proton. (69) The 8fl-methine proton 
in compound (LXIX) has a dihedral angle approaching 900 and 
and would be expected to couple 
give the observed doublet.(69) 
with the olefinic proton to 
The alternative structure 
for compound (LXIX) possessing a 10f3-proton can beexcluded 
since the olefinic proton should appear as a quartet or 
triplet. Attempts to isomerise the olefin (LIXb) to olefin 
(LXVIIIc) or vice versa using hydrogen bromide in acetic 
33. 
acid were unsuccessfUl. Both compounds remained unchanged. 
cf. (22.70) Treatment of the olefin (LVIla) with boron 
trifluoride in benzene over an extended period gave no 
observable isomerisation to compound (LVIlla). 
The reaction mixture from the 5a.6<x-epoxide (XLVa) was 
separated by pre~~ative t.l.c. to give four fractions. 
The f~rst two fractions were acetylated using acetic anhydride 
in pyridine. Further t.l.c. gave the vlestphalen compound 
(LVIla) (9%). the spiro-compound (Llxa) (4%») the ketone 
(LVa) (13.5%).and the olefin (LVIa) (68~). ~e third 
.1 
fraction gave the ether (nUb) (10.5%). The fourth fraction 
(25%) proved to be inseparable. 
The reaction mixture from the 5<x.oo-epoxide (XINc) was 
separated by preparative t.l.c. to give four fractions. 
The first two l1ere acetylated and purified by fUrther t.l.c. 
to give the I?piro-compound (LIXc) (8.3;-1). the Hestphalen 
compound (LVIlc) (3%) and the ketone (LVb) (31%). The third 
fraction gave the ether (LIIld) (16%). The fourth. non 
polar fraction (17%),was not further investigated. 
The structure of the spiro-compound (LIXc) is indicated 
I from its H n.m.r. spectrum in which the 13~-methyl group 
appears at \::9.23. (6.7) and the 6~-methine appear3 0.:::: ~ quartet 
(-c: 5.33. J (apparent) £!!.. 12 '{z •• 4 Hz.). Treatment of 
the compound (LIXc) with boron trifluoride in acetic 
anhydride gave the spiro-compound (LIXa) (30%). Hydrolysis 
and oxidation of (uxa) to (LIXb) confirmed the assigned structure. 
34. 
The Westphalen compound (LVIIc) was readily identifiable £'rom 
its ~ n.m.r. spectrum. The l3~-methyl group appears at 
-c 9.21 and the 613-methine proton appears as a quartet (-c 5.15. 
J (apparent) 12 Hz •• 4 Hz.). (12.19) In addition the 5~-ethyl 
group triplet appears at -C9.36 ( J. =.::. 7 Hz.). H;rdrolysis 
and oxidation of the acetate (LVIIc) gave the known ket.one 
(60a) . (LVIId) confirming the assigned structure. 
The ketone (LVb) was identified from its i.r. and ~ n.m.r. 
spectral data. The i.r. spectrum shows a carbonyl band at 
-1 1 1710 cm.. The H n.m.r. spectrum confirms the equatorja,l 
conformation for the C(3)-methine proton (w~. 8 Hz.) and the 
5~-stereochemistry. 
1 TheH n.m.r. spectrum of the ether (LIIId) exhibited the 
expected doublet for the C(6)-methine proton ("t: 6.32, J. 
(apparent) ~. 5 Hz.). The i.r. spectrum confirmed the 
absence of hydroxyl and keto-groups. Treatment of the ether 
(LIIId) with boron trifluoride in acetic anhydride gave a 
mixture, from vlhich the olefin (LlCVd) (23%) was separated. 
The structure (LXVd) was assigned on the basis of the ~ n.m.r. 
which is similar to that of compound (LlCVa). The C(3)-methine 
("'C 4.94) and C (6 )-methine ('"( 5.09) protons of compound (LXVd) 
resonate at a slightly lower field than those of compound 
(IrTa) (C(3); "'C 4.99; C(6)."C5.32). A slight downf'1eld 
shift in the -OAc signals of compound (LXVd) is also observed. 
Hydrolysis of the diacetate (LXVd) gave the diol (LlCVe). 
The mass spectrum (see table) of the compound (LXVe) shows 
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intense peaks (m/e 285 and m/e 267) corresponding to the loss 
of side chain and one or two molecules of water from the 
molecular ion (m/e 416). '!hese intense peaks support the 
63.17_s~rll.cture. (22) Oxidation of the diol (LX\e) gave 
the dike tone (LXVc). confirming the epimeric nature of com-
pounds (LXVd) and (LXVa) and the structure of the ether 
(LIIld ). 
'nle reaction miXture from the fl-epoxide (XLVh) was 
\\ " 
separated by preparative t.l.c. to give the backbone compound 
(LVIIIc) (16%). the ketone (LVc) (5%) and the aldehyde 
(LIra) (34%). A further fraction (14.5%) was an inseparable 
miXture. 
'!he backbone-rearranged compound (LVIIIc) was identified 
1 from its H n.m.r. and mass spectral data. '!he fOLmer shows 
the lower half of the C(21 )H3- doublet at"'t:. 9.00 and the 
141l-methyl signal at"t: 9.06. Double irradiation 88 Hz. 
downfield from ~e C(21)~-doublet causes its cOllapse.(2) 
'!he mass spectrum of the compound (LVIIIc) has intense peaks 
(m/e 345. 285) and a base peak (m/e 267). corresponding to 
loss of side chain. side chain plus acetic acid and side chain 
plus acetic acid and water respectively. 'Ibis supports the 
t,13 .17 _ structure. (22) Hydrolysis of the acetate 
(LVIllc) followed by oxidation gave the d1ketone (LVIllb) 
previously obtained from compound (LVIIIa) and so confirmed 
the structure (LVIII c) • 
The ketone (LVc) shows a carbonyl band at 1720 -1 cm. 
in the i.r. spectrum. 1 The H n.m.r. spectrum confirms the 
36. 
assigned 5a-stereochemistry, the C(3)-methine proton being 
axial (W~.,~. 18 Hz.). 
The aldehyde (LIra) was converted into the ¥ -lactone 
(LXI). Both compounds were identical to those obtained 
previously. 
The reaction :,f the ~-epox1de (XLVi) with .boron trifluoride 
repeatedly gave a complex mixture, from which no identifiable 
products were isolated. 
The reaction mixture from the 3a-acetoXY-5,6a~epox1de 
(XLVd) was separated by preparative t.l.c. to give the 
Westphalen derivative (LVIIe) (43%), the backbone-rearranged 
compound (LVIIId) (21%), the ketone (LVd) (28%) and the 
aldehyde (LIIb) (2.8%). 
The Westphalen derivative (LVIIe) was identified from its 
1 H n.m.r. and u.v. spectra and by hydrolysis and OXidation 
to give the ,o,iketone (LVIIb) which was previously obtained 
from compound (LVIIa). The backbone-rearranged compound 
(LVIIId) was identified from its ~ n.m.r. and mass spectra 
and by conversion into the diketone (LVIIIb) which was 
previously obtained from compound (LVIIIa). The ketone (LVd) 
shows a carbonyl band ( ,\) 1710 cm. -1) and the axial 
max. 
3~-rnethine proton (W~., ~. 24 Hz.) is apparent f:'om the 
1 H n.m.r. spectrum. 
The aldehyde group in compound (LIIb) 1s apparent 
-1 l' from the l.r. (2700, 1720 cm. ) and H n.m.r. ("'[0.27) 
spectra. In the latter spectrum the 313-methine proton is 
axial (W~.,~. 24 Hz.) indicating the 5\3-stereochemistry. 
The aldehyde (LIIb) was oxidised with Jones reagent (20) and 
hydrolysed to give the crude hydroxy-acid (LXc). Trea trr.ent 
of the hydroxy_cid (LXc) with toluene-,E-sulphonic acid in 
benzel'.e gave the lactone (LXI) (14.5%),~lhich was previously 
obtained from ihe t"~jehyde (LIIa). The formation of the 
lactone (LXI) from compound (LIIb) occurs by an alkyl-oxygen 
cleavage mechanism. Such a mechanism is not as favourable 
as the normal acyl-oxygen cleavage mechanism(71) and this could 
account for the low yield of the lactone (LXI) from compound 
(LIIb) • 
Reaction of the 5a,oo-epoxide (XLVf) gave a mixture 
which was separated by preparative t.l.c. to give four 
fractions which ~Iere then acetylated. Further t.l.~. of 
the first and third fractions gave the \~estphalen derivative 
(LVII f) (10.5%) and the ether (LIIIe) (17%). Preparative t.l.c. 
of the second fraction gave the ketone (LVd) (10.5%) and a 
mixture. Hydrolysis and subsequent oxidation of this mixture 
followed by preparative t.l.c. gave the diketone (LIXb) (5%). 
Hydrolysis and subsequent oxidation of the fourth fraction, 
followed by prepare.t1ve t.l.c. gave the ether (LXX) (4.3%). 
The Westphalen derivative (LVIIf) ~Ias identifiel: from 
1 
the H n.m.r. and u.v. spectra ~nd by its conversion into 
the diketone (LVIIb). The ether (LIIIe) was identified by 
its conversion into the keto-ether (LIIIc) which was 
previously obtained from compound (LIIIb). '!be ~ n.m.r. 
spectrum of the ether (LIIIe) shows that the 6\3-methlne proton 
38. 
is deshielded (/:).0.1.7 ppm) by the 3a-acetoxy gro'lP relative 
to the 6fl-methine signal for the ether (LI!.Ia). 1I similar 
deshielding of the 6fl-methine proton was observed for the 
two compounds (LXVd) and (LXVa) ( ~ 0.25 ppm). This lends 
furtle .. er support to the assigned 3a-stereochemistry for the 
compound (LXVd). 
The ether (LXX) has been assigned a tentative structure 
on the following evidence. The i.r. spectrum shows a cyclo-
hexanone carbonyl band (1720 cm. -1) and no hydroxyl bands. 
The ~ n.m.r. spectrum shows a Single ,3J3-methine proton 
(L: 5. 75, w~., .!:!!.. 13 Hz.) and kw 1.3fl-methyl at -C 9.28. 
These data are consistent with those reported by Hartshorn 
et a1. (32) for the compound (LXXI). Treatment of the 
ether (LXX) with boron trifluoride in benzene for 30 minutes (32) 
gave a single crude product which was oxidised to give the 
I~ -dike tone (LVIIb). The above data do not allow the 
-
alternative structures for the ether [(LXXII) and (LXXIII)] to 
be completely excluded. 
The 5fl,6fl-epox1de OCLVe) was treated with boron trifluoride 
for 12 hr' •. The reaction mixture was acety1ated and separated 
by preparative t.1.c. to give the ketone (LVe) (67%) and the 
triacetate (LXXIV) (12.5%). The l.r. spectrum of the 
kebne (LVe) shows a carbonyl band (1720 cm. -1) and the 
~ n.m.r. spectrum shows the 3fl-methine proton to be equatorial 
(W,., ~. 8 Hz.). The structure of the triacetate (LXXIV) 
"1. 
follows from the H n.m.r. spectrum which shows equatorial 
methine protons at C(3) (W~., 10 Hz.) and C(6)(wt.,~.5Hz.) 
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and three acetoxy groups. The mass spectrum of compound 
(LXX IV) shows no molecular ion or [M-HOAc 1 ion. The first 
fragment ion observed (m/e 440) is due to loss of 2 moles of 
acetic acid from the molecular ion. 
The reaction of the 51l,61l-epoxide (XLVg) \~ith boron 
trifluoride produced a complex mixture which has not been 
effectively purified. 
, (lh2) 
In contrast to the 5a,6a-epoxiae (XIVd)," the epoxide 
(XLVb) gives a low yield (17%) of the corresponding fluoro-
hydrin. It is possible that the increased bV.lkiness ef 
the a.'1gular ethyl group in compound (XLVb) increases the 
hindrance to axial approach of the fluoride ion at c(6) and 
so allows other reaction paths to compete. This would also 
explain the absence of fluorohydrins in the products from 
the 3a-substituted-5,6a-epoxides (XLVd) and (XLVf) whereas 
the epoxides (XIVf) (38) and (XIVg) (32) give measurable 
quantities (8% and 47% respectively) of the fluorohydrins. 
The failure of the 51l,61l-epoxide (XLVh) to give any 
of the fluorohydrin (LXXVI), and the low yield of the 
5a-acetate (LXXIV), formed via the acetonium ion (LXXV), (32) 
from the 51l,61l-epoxide (XLVe), may also be due to the bulky 
angular ethyl group which would prevent formation of an 
<;.)cial 61l-hydroxyl group. Compare the reactions of the 
epoxides (XIVe)(lb) and (XIVh).(32 ) 
The formation of the 51l-aldehyde (LIIa) from the 
epoxide (XLVb) must involve a discrete C(5) carbonium ion. 
40. 
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LXXXIII 
RO LXXVIII 
(a) 5,60: 
(b) 5,6[3 
LXXXII 
The originally formed carbonium ion (LXXVII) would give 
the Sa-aldehyde (LXII) on migration of th~ C(6)-C(7) bond. 
The aldehyde· (LIIa) may be formed from a C(S) carbonium ion 
in the conformation (LXXVIII). This conformation would 
aff0rd some relief of the steric interactions between the 
1.01l-ethyl-group and the ~-2- and-4-hydrogen atoms. The 
formation of the aldehyde (LIIb) from the epoxide (XLVd) 
would occur in a similar manner. The formation of the aldehyde 
(LIIa) from the Il-epoxide (XLVh) could occur d.:Lrectly from the 
initially formed C(S) carbonium ion (LXXIX). It is reported 
tha t the e poxides (LXXXa, b) give rise to the same aldehyde 
(LXXXI); the mechanism proposed is the same as above. (24 ) 
The formation of the spiro-compounds (LIII, L:r:X) from 
the ·epoxides (XLVa,b,c,f) also requires a fully developed 
C(S) carbonium ion since cis-migration of the C(1.)-C(lO) 
bond is necessary. The increased yields of the spiro-
compounds from the 1.01l-ethyl-epoxides (XLVa,b,c,f) in 
contrast to their lOll-methyl analogues (XIVa,d,c,g) may 
also be explained by the increased lOll-alkyl interactions 
wi th the ~-2-and-4-hydrogen atoms in the former epoxides. 
This could cause a flattening of the A-ring in the carbonium 
ions (LXXVII) or (LXXXII), so pushing the C(l) atom towards 
t~,e C(S) atom. This flattening would be opposed by developing 
non-bonding interactions between the C (3 )-substi tuent and 
C(2) and c(4) methylene protons as they start to eclipse. 
Similar arguments have been used to account for the formation 
of the spiran (XI) from the epoxide (Xa).(6) In the case of 
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the epoxide (LXXXIII), the potential non-bonding interactions 
between the 3~-acetoxy- and 4~-methyl-group is so great as 
to prevent the A-ring flattening and no spiro-compound is 
formed from this epoxide. (6 ) 
,,' " The forma.tion of the backbone compound (LVIIIa) from the 
epoxide (XLVb) in low yield (}%) 1s also unusual. Possibly 
the migration of a hydride ion from c(8) to C(9) is more 
hindered in the 5~-ethyl compounds than in their 5~-methyl 
analogues. An alternative possibility is that the ethyl 
group involves torsional and angular conformational strain 
in the A,B ring system which is sufficient to limit the 
rearrangement to the relief of this local strain rather than 
that of the remote C,D ring system. (56) USing either 
argument, replacement of the 3~-acetoxy-group by a 
3a-acetoxy-group would reduce the 3~-substituent, 5~-ethyl 
group, l,3-Don-bonding interaction and therefore give a 
greater yield of the backbone-rearranged compound. This 
was observed, although the yield of the compound (LVIIId) 
(21%) is still not as great as that of the lO~-methyl­
-analogue (XVIIIg) (37%) from the compound (XIVf). (38) 
The formation, in high yields, of the backbone compounds 
(LXV) from the spiro-ethers (LITI) is in agreement with the 
above arguments. 
In terms of the competition betNeen C(5)-O cleavage 
and fluorohydrin formation the effect of changing the 
3~-substituent follows the same general trend as was observed 
previously (see Discussions 1 and 2). Some of this work 
has recently been reported by us in the literature. (72) 
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Discussion 4:-
Homoallylic participation of the 5,6-double bond in 
the solvolyses of 3- and 19-sulphonyloxy-steroids .is 
believed to give intermediate non-classical carbonium ions 
from which <"hi'> various products ar,e derived. (73) The 
boron trifluoride catalysed rearrangements of the lO~-
-ethenyl-steroids (LXXXIVa,b,c) provides a system where 
participation of the homoallyl1c ethenyl group could occur 
to give intermediate, stabilised non-classical carbonium ions. 
The availability of these epoxides (LXXXIVa,b,c) prompted 
the investigation of their reactions with boron trifluoride. 
The hydroxy-epoxide (LXXXIVa) was the sole product from 
the monoperphthalic acid oxidation of the diene (XLVII). 
1 The structure >las confirmed by the H n.m.r. spectrum of 
compound (LXXXIVa) and by acetylation to give the known 
acetoxy-epoxide (LXXXIVb).(74 ) 
Reaction of the hydroxy-diene (XLVII) with trimethyl-
orthoformate and perchloric acid (62) gave the methoxy-diene 
(LXXXV). (60) Monoperphthal1c acid oxidation of compound 
(LXXXV) gave the 5,6a-epoxide (LXXXIVc). 1 The H n.m.r. 
spectrum of the epoxide (LXXXIVc) shows a single epoxide 
proton ("l: 7.13 J. (apparent) 4 Hz.), supporting the assigned 
structure. (49 ) 
The reaction mixture from the boron trifluoride treatment 
of the acetoxy-epoxide (LXXXIVb) was separated by preparative 
t.l.c. to give the backbone-rearranged dimer (LXXXVI) (26%) 
and the fluorohydrin (LXXXVIIa) (47%). Some epoxide 
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(LXXXIVb) (18;:;) was recovered from the reaction mixture; the 
quoted yields allow for this • 
. The dimer (LXXXVI) was identified from its 100 M.Hz. 
1 H n.m.r. spectrum in which the C(21)~-doublet (-C 9.06, 
J. 7 Hz.) collapsed to a singlet (1C 9.06) on double irradiation 
at 144 Hz. do~mfield. (2) Other important multip1ets appear 
at"t: 2.8-4.2 (a:-vinyl-2H), -c: 4.5-5.4 (f3-vinyl-4H, C(3)-2H), 
and 't:6.66 and':: 6.76 (c(6)-2H). The l3f3-methyl group appears 
at -c: 9.46 for the 'normal' half of the dimer. The dimeric 
nature of the compound (LXXXVI) was confirmed by a molecular 
weight determination (osmometry 882; the dimer requires 
912). 
The fluorohydrin (LXXXVIla) was readily identified from 
i ts ~ n.m.r. spectrum which shows the 6a:-methine proton 
(L: 5.7, doublet of multiplets, JHF'~. 50 Hz.) anq the 
5a:-hydroxyl proton (~6.6, singlet exchanged with D20). 
Treatment of the fluorohydrin (LXXXVIla) with methanol1c 
potassium hydroxide gave the epoxide (LXXXIVa), supporting 
the assigned structure. 
The reaction miXture obtained from the hydroxy-epoxide 
(LXXXIVa) was inSeparable. Acetylation followed by 
preparative t.l.c. gave only one identifiable product, the 
fluorohydrin (LXXXVI]),) (33%). 
Preparative t.l.c. of the reaction miXture from the 
methoxy-epoxide (LXXXIVc) gave the fluorohydrin (LXXXVIlb) 
(lEi%) , the backbone-rearranged-product (LXXXVIII) (2%) 
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and the ketone (LXXXIX) (15%). Acetylation of another fraction 
followed by t.l.c. gave the Westphalen deri'!ative (XCa) (13%). 
The remaining material (37%) could not be separated. The 
quoted yields allow for the recovery of some of the epoxide 
(LXXlLTVc) (6%). 
The fluorohydrin (LXXXVIlb) was identified from its 
~ n.m.r. and i.r. spectra. The former shows the 6a-
me thine proton as a doublet of multiplets ("t' 5.60, JHF~' 
50 Hz.), and the latter shows the presence of the tertiary 
-1 hydroxy-group (3630, 3450 cm. ). The backbone-rearranged 
1 
compound (LXXXVIII) was identified from its H n.m.r. spectrum 
which shows the C(21)H
3
-doublet (-C9.o6, J.~. 6 Hz.) and 
the 141l-methyl group ( -C 9.19). Double irradiation 88 Hz. 
downfield caused the collapse of the C(21)H_-doublet.(2) 
J 
The mass spectrum of the compound (LXXXVIII) shows a base 
peak (m/e 297) due to the characteristic loss of side chain (22) 
and water from the molecular ion. The i.r. spectrum of the 
-1 ketone (LXXXIX) shows a carbonyl band (1713 cm. ). The 
, ~ n.m.r. spectrum of the ketone (LXXXIX) shows an equatorial 
C (3 )-methine proton (W~. 7 Hz.) and confirms the 5~-stereo­
chemistry. The ~ n.m.r. spectrum of the "/estphalen derivative 
(XCa) shows a typical 131l-methyl signal (-,:: 9.21). (12) The 
u.v. spectrum indicates a non-conjugated diene. Hydrolysis 
and oxidation of the compound (xCa) gave the ketone (XCb). 
1 The structure is supported by the H n.m.r. spectrum of 
the ketone (XCb) which shows the 131l-methyl group at ""(.9.22 
and by the Lr. spectrum which shows a carbonyl band at 
8 -1 171 cm •• 
The attempted hydrogenation of the ketone (XCb) to give the 
ketone (LVIId). using a palladium - charcoal catalyst gave 
a mixture which was not investigated any further. 
The epoxide (LXXXIVb) reacts in a Similar manner to 
3~-ac3toxy -5. 6<l-e poxy-5a-cholestane (XIVd ) ~lb. 2 ) T:1.US 
surprisingly the C(19)-methylene group appears to have little 
effect on the product distribution. The participation of 
the olefinic bond does not appear to compete very favourably 
with attack of fluoride ions at c(6). Although this is not 
direct evidence regarding the ionic intermediates from the 
epoxide (LXXXIVb) it does seem unlikely that non-classical 
ions of the type (XCI)(1(J particularly favourable energeticallypl~ 
Steric interaction between one of the methylene hydrogen atoms 
and the hydrogen atoms atC(2) and C(4) may be a factor in 
de stabilising ions of the .type (XCI).(7S) This would not 
apply to the classical ion (XCII) or the equivalent non-
-classical bicyclobutonium ion. (75.76) 
Overlap of the ~ electrons of the olefinic bond with the 
developing (or fully developed) C(5) carbonium ion could lead 
to the classical ions (XCII) and (XCIII). and thus the ion 
(XCIV) • The product (LXXXVI) could then be derived from the 
ions (XCII) and (XCIV). The above arguments will apply 
eq\.:'\lly as well to the 3~-hydroxy- and 3~-methoxy-epoxides 
(LXXXIVa. c ) • 
The epoxides (LXXXIVa.c) give increased yields of their 
respective fluorohydrins (LXXXVIIa.c) in a comparison with 
the analogous lO~-methyl epoxides (XIVa.c). '!his ~lould 
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indicate that the ethenyl group is inductively destabilising 
C(S)-oxygen cleavage. This could occur in a steIMise or a 
concerted process. In the latter, the destabilisation would 
be analogous to that reported for phenyl migration. (17) 
The yield of the fluorohydrin (LXXXVIIa) (47%) from 
epoxide (LXXXIVb) '.n comparison to that of the fluorohydrin 
(XVb) (~.70%) from the epoxide (XIVd)(lb) is an apparent 
contradiction to the above argument. This prompted a 
re-investigation of the reaction of the epoxide (XIVd) 
wi th boron trifluoride, under the same condi tio.,s used fe!' 
the epoxide (LXXXIVb). 
The yield of the fluorohydrin (XVb) was 43% and thus the 
comments on the inductive (-I) effect of the lO~-ethenyl group 
Beem reasonable. 
The same general conclusions have been reached in a 
recent study of the \1estphalen rearrangement of the lO~-ethenyl­
-compound (XCVa). (60a,78) It was found that the product 
distribution resembled that from the rearrangement of the 
lO~-methyl compound (XCVb), although the reaction rate was 
slower for the former compound. The observed scrambling of 
a deuterium label in the ethenyl group also supported these 
conclusions. (60a,78) 
The ethenyl group would b.3 expected to be sterically 
less demanding than the ethyl group. The yield of the 
backbone-product (LXXXVI) (26%) from the lO~-ethenyl-epoxide 
(LXXXIVb) in comparison to that of the compound (LVIIIa) (3%) 
from the lO~-ethyl-epox1de (XLVb) may be due to this. 
Backbon~rearranged compounds are normally isolated as 
monomers. The reason for the isolation of the backbone 
compounds (IX) and (LXXXVI) as dimers is not clear. 
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SECTION 2 
The Lewis acid catalysed reactions 
of some 9,lO-epoxy-19-nor-cholestanes 
and epoxy-lanostanes. 
Introduction:-
In contrast to trisubstituted epoxides, tetrasubstituted 
epoxides have no overwhelming electronic preference for cleavage 
of a particular C-O bond when treated with a Lewis acid.From a 
conformational analytical study of the ~actions of a number 
of 4,5- and 5,6-te"L'asubstituted steroidal epoxides Kirk and 
Hartshorn (79) formulated the rule of axial cleavage. This 
states that a;-ry 1,2-disubsti tuted epoxy-cyclohexane will tend 
to react by cleavage of the C-O bond which permits the oxygen 
atom to become axial in the chair conformation of the ring 
most nearly corresponding to the half chair conformation of 
the original epoxide. The rationale of this rule was that 
axial cleavage could lead to a continued partial overlap 
of the filled orbital of the departing oxygen atom ~'ith the 
formally vacant p-orbital of the carbonium ion, thus 
minimising the energy of the transition state prior to bond 
migration. TIlis continued orbital overlap ~lould also have a 
directing effect on which migrations could occur, leading to a 
preference for trans-migration. Equatorial cleavage would 
give none of these effects. 
It has been found that 'axial cleavage' can be overcome 
by the operation of adverse conformational, steric, or 
electronic effects. Thus it was found that the rearrangements 
of the four epimeriC 3-acetoxy-4,5-epoxy-4-methyl-cholestanes 
(XCVI) exhibited 'abnormal' reactions,(80) i.e. equatorial 
cleavage. Where normal axial cleavage is perm! tted then 
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bond migrations which result in charge accumulation at 
c(4) are suppressed by the 3-acetoxyl-group. 
The lack of ketone formation from epoxides of the 
type (XCVII) and (XCVIII) has been noted. (la,81,82) Both 
these epoxides give the diene (XCIX). The failure to 
give carbonyl com,.):·unds has been attributed to conformational 
restraints OPPOSing deformation and bond migration in the 
centre of the steroid nucleus and to the thermodynamic 
stability of the conjugated diene system.(la) Halsall(83) 
has found that the 7,8a-epoxide (C) gives the h,ydroxy-olefin 
(Cl ). 
The boron trifluoride catalysed reactions of some 
C(6)-substituted-9,lO-epoXY-5~-methyl-l9-nor-cholestanes 
(CII) have been studied to further examine the effects of 
possible conformational restraints in the centre of the 
steroid nucleus, and to provide further information on the 
"backbone-rearrangement" of steroidal epoxides. In contrast 
to the 7a,8a- and 8a,9a-epoxides (XCVII and XCVIII) a 
number of 9,1l-epoxides have been found to give a wide range 
of interesting products. 
Henbest (la) investigated the boron trifluoride catalysed 
reactions of the two epoxides (CIlIa) and (CIIIb) a~ found 
that the epoxide (CIIIb) rearr.:.nged quickly to give the 
expected, strain free ketone (CIVa) \·/hereas the epoxide 
(CIlIa) rearranged slowly to give the strained ketone (CIVb). 
(84) 
Wechter treated the epoxide (CV) with boron trifluoride 
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and obtained the ketone (CV!) in high yield, and this is 
consistent Witll the rule of axial cleavage. Treatment of the 
epoxide (CVII) ~Iith perchloric acid gave as the major 
product (CVIll) and only a small yield of the ll_ketone~85) 
The 9a-hydr'Ogan in the product (CVIII) arose from a 1,3-
-transannular shift of the l4tx-hydrogen atom. No explanation 
has been offered for the difference between this.reaetion 
and 1he analogous one employing boron trifluoride. 
The 9,11-epoxides provide potential precursors for 
partial synthesis of the cucurbitacins, for example, 
bryogenin (CIX). ApSimon ~ aL (86) found that the epoxides 
(ClXa) and (CIXb) would not react with boron trifluoride 
etherate and reacted only slowly with boron trifluoride gas. 
The major products were the olefins (CXla,b) and not as 
expected the phenols (CXlla,b). Formation of the homoallylic 
alcohols was considered to occur by intramolecular removal 
of the l4a-hydrogen atoms by the 9a-oxygen atoms, there being 
no ether present to act as a proton transfer agent. 
The 3~-acetoxy-8,9a-epoxy-and-9,11a-epoxy-lanostanes 
were studied as potential intermediates in cucurbitacin 
synthesis and in view of the diversity of the recorded reactions 
(la 84 85 86) 
of 9,1l-epoxides ' " the reactions of 3~-acetoxy-
-9,lla-epoxy-lanostane with Lewls acids would also be of 
a more general interest. 
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Discussion 1:-
The epoxide mixture (CXllla,b) was prepared via the 
Westphalen compound (CXIVa) by the method of Mousseron-Canet~87) 
Repeated preparative t.l.c. of this mixture gave the pure 
a-epoxide (c::rla) (51%) and ~-epoxide (CXIIIb) (34%). The 
1 5~-methyl signals in the H n.m.r. spectra for the a-epoxide 
(CXIIIa) (-c. 8.78) and the ~-e poxide (CXIIIb) (\:. 8.84 ) 
allowed the stereochemistry of the epoxides to be assigned, 
by analogy with the observed relative chemical shifts of the 
10~-methyl groups of some 5a,6a- and 5~,6~_epoxides.(49) 
Hydrolysis of the 6~-acetoxy-a-epoxide (CXIlla) gave the 
6~-hydroxy-a-epoxide (CXIllc). Oxidation of compound 
(CXIIIc) with Jones reagent (20) in acetone gave the known 
6-oxo-a-epoxide (CXIlld)!88) which had previously been 
prepared by oxidation of the Westphalen derivative (~?CrVb). 
Similar treatment of the 6~-acetoxy-~-epoxide (CXIllb) gave 
the 6f3-hydroxy-~-epoxide (CXIIIe) and the 6-oxo-~-epoxide 
(CXIIIf). 
The 6-desoxy-epoxides (CXIIIg,h) were prepared from the 
6-de<loxy-Westphalen compound (CXIVc). The compound (CXIVc) 
had previously been prepared in 50% yield, by the Huang-Minlon 
reduction of the 6-ketone (CXIVb). (28) In an attempt to 
improve the yield of this step, the reduction of the benzene 
sulphonyl hydrazone (CXIVd) was attempted. These reactions 
are reported to proceed in high yield \1i th other steroidal 
ketones. (89) The benzene sulphonyl hydrazone (CXIVd) was 
prepared from the ketone (CXIVb) according to Earton, (90) 
and was found to be a relatively unstable compound. 
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Sodium borohydride reduction of the freshly prepared compound 
(CXIVd) in dioxan(89) gave the required 6-desoxy-compound 
(CXIVc). The yield of the 6-desoxy-compound (CXIVc) was 
found to be extremely variable. Acceptable yields (~. 
80%), were ·~nr y obtained from small scale reactions and no 
other identifiable products were isolated from the reactions. 
The compound (CXIVc) was therefore prepared by the literature 
method. (28) Oxidation of the compound (CXIVc) using mono-
perphthal1c acid gave the mixed epoxides (CXIIIg,h). 
Preparative t.l.c. of the mixture gave the pure a-epoxide 
(CXIIIg). (48%) and pure l3-epoxide (CXIIIh) (32%). The stereo-
chemistry of the epoxides (CXIIIg and h) was assigned from 
~ n.m.r. spectral evidence, (49) as described previously. 
Several attempts to prepare. the a-epoxide (CXIIIg) from 
the epoxides (CXIIIc) and (CXIIId) have proved unsuccessful. 
The tosylate (CXIIIi) and the benzene sulphonyl hydrazone 
(CXIIIJ) could not be formed. 
Treatment of the 6-oxo-a-epoxide (CXIIId) with boron 
trifluoride gave a mixture. Preparative t .1.c. of this mixture 
gave the diene (CXVa)(88a)(24%), the diene (CXVIa)(88a)(24%), 
the backbone-rearranged compound (CXVIIa) (20%), and the 
backbone-rearranged compound (CXVIIIa) (6%). The dienes 
(CXVa) and (CXVIa) were previously pbtained by treatment of 
the epoxide (CXIIId) with e.tllanolic hydrochloric acid. (88a) 
The 100 N.Hz.~ n.m.r. spectrum of the backbone-rearranged 
compound (CXVIIa) shows a single vinyl1c proton (;:. 4.66) 
and characteristic Signals for the 5f3-methyl group ('"C 8.64), 
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the l41l-methyl group ('l: 8.99), and the C(21)IL-doublet ;; 
1 . 
(~9.07 J. ~ 7 Hz.). The 60 M.Hz. H n.m.r. spectrum of 
the compound (CXVIIa) in d6 -benzene shovls upfield shifts for 
the 51l-methyl group (L: 8.83) and l41l-methyl group ("C 9.15) 
signals. (91) 'l'he lower branch of the C(21 )H5 doublet is 
observed at 1:. 8.93. Double irradiation 88 Hz. downfield 
. 1317 
caused the collapse of t his doublet confirming the /::5. ' -
-structure. (2 ) 1 10 The I" -structure is supported by the low 
field position of the 51l-methyl group signal. The axial 
C(3: methine proton (W~ ~. 22 Hz.) is also consiRtent with 
1 10 
a t:i.' - or 51l,101l-structure. The mass spectrum of the 
compound (CXVIla) shows an intense peak (m/e 267) due to loss 
of side chain and methanol from the molecular ion (m/e 412). 
This supports the assigned !',13,17_structure. (22) Hydrogenation 
of the compound (CXVIla) using a palladium-charcoal catalyst 
gave a mixture of two isomeric compounds, inseparable by 
1 
t.l.c •• The H n.m.r. spectrum of the mixture sllows a 
predominance (~. 70%) of one isomer ~Ihich appears to possess 
the lOll-configuration since the C(3) methine proton is axial 
(W~ ~. 22 Hz.). The observed upfield shift of the 51l-methyl 
signals (-, ca. 8.73) on hydrogenation of compound (CXVIla) is 
-- , 
consistent w1 th the assigned structure. The l41l-methyl-
groups signals of the dihydro-compounds (~.£!. 9.00 )were 
unchanged on hydrogenation, as would be expected. This 
mixture was not further investigated. 
The structure of the compound (CXVIIIa) is tentatively 
assigned on the following evidence. The l.r. spectrum indicates 
-1 
the presence of a hydroxyl group (3620, 3S00 cm. ). The~ 
n.m.r. spectrum shows the Sfl-methyl group ("'C 8.61) and the 
141l-methyl group ("t: 9.00). The equatorial C(3)-methine proton 
(W~ ca. 9 HZ.) is consistent with the SP,10a-stereochemistry. 
In d6-lenzene an upfield shift of the SP-methyl group (\:. 9.0S) 
and 14p-methyl group ("t:. 9.14) signals is observed (91,92) to 
reveal half of the C(21)Hj"doublet (L: 8.93) at low field. 
This would be expected for a D13,17 -structure. The 
decomposiUon of the compound (CXVIIIa) prevented further data 
from being obtained. 
Reaction of the Il-epoxide (CXIIIf) with boron tri fluoride 
gave a mixture. Preparative t.l.c. of the mixture gave the 
diene (CXVa) (23%), the diene (CXVIa) (26%), the backbone-
rearranged compound (CXVIIa) (S%), the backbone-rearranged 
compound (CXVIIIb) (7%), and the dike tone (CXIXa) (S%). 
The Lr. spectrum of the compound (CXVIIIb) shows a 
-1 1 hydroxyl band (3S00 cm. ). The H n.m.r. spectrum of the 
compound ShO~IS the SP-methyl group (-c 8.81), the 14p-methyl 
group (-C 9.02), and the lower half of the C(21)H
3
-doublet 
(-c: 9.00). '!he axial cO )-methine proton (W?? ~. 22 Hz.) 
supports the assigned lOp-stereochemistry. The spectrum in 
d6-benzene shOl'/s the SIl-methyl and l4p-methyl signals shifted 
upfl.:.ld and the lower half of th~ C(21)~ doublet clearly 
resolved. Double irradiation 88 Hz.dOlmfield caused the collapse 
of this dOUblet and confirmed the {\13,17_structure. (2) 
Treatment of the compound (CXVIIIb) with thionyl chloride 
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in pyridine gave the diene (CXVIIa), identical with an authentic 
sample (by t.l.c.). 
The i.r. spectrum of the diketone (CXIXa) shows cyclo-
pentancne (1730 cm.-l ) and cyclcheptanone (1700 cm.-l ) 
carbonyl bands, The lH n.m.r. spectrum of the diketone shows 
the 51l-methyl group ('"C 8.79) and the l3i3-methyl group 
(L 9.33). The C(3)-methine proton signal is obscured by 
the 31l-methowlsignal and its half-height band width could not 
be determined. As the conformations of the cycloheptanone 
rings in any of the structures (CXIXa) are not known it iE 
difficult to determine the shielding or de shielding effect 
of the cycloheptanone carbonyl group on the angular methyl 
group signals. Therefore a definite structure cannot be 
assigned. The structures (ClCIXAa) and (CXIXBa) would both 
involve the migration of a group which is £.!.!:!. to the departing 
oxygen atom in the epoxide (CXIIIf). This would involve a 
high degree of carbonium ion character at either C(9) or C(lO), 
and this would be expected to be unfavourable owing to the 
presence of the inductive (-I) effect of the c(6)-oxo-group. 
The structures (CXIX Ca) and (CXIX Da) both involve migratiOns 
of groups trans to the departing oxygen-atom and so the 
rearrangement could retain some degree of concerted character 
and this might be expected to be more favourable under the 
prevailing conditions. 
Treatment of the a-epoxide (CXIIIa) with boron 
trifluoride gave a mixture. Preparative t.l.c. 
56. 
gave the backbone-rearranged compound (CXVIlb) (56%), and the 
backbone-rearrar!ged compound (CXX) (3%). 
1 . The H n.m.r. spectrum of the compound (CXVIlb) shows 
a single vinylic proton (""(.4.68), the 5~-methyl group 
('t: 8.,88), the 14~-methyl group (-c. 9.03) and the lower 
branch of the C(2.'. )~doublet (-C 9.00). Double irradiation 
87 Hz. downfield from the C(21)~-doublet caused its collapse, 
verifying the 6 3 ,17 -structure. (2) The mass spectrum of 
the compound (CXVIlb) shows an intense peak (m/e 343) due 
to loss of side chain from the molecular ion (m! .. 456). 'ilis 
is consistent ~Ii th the assigned 6 3 ,17 -structure. (22) 
Hydrolysis and oxidation of the 6~-acetoxy-compound (CXVIlb) 
gave the 6-oxo-compound (CXVIla), identical with an authentic 
1 
sample (by t.l.c. and H n.m.r.). 
The i.r. spectrum of the compound (CXX) shows no hydroxyl 
band. The ~ n.m.r. spectrum shows the 5~-methyl group 
(,",8.82), the 14~-methyl group (,t, 9.07) and the lower half 
of the C(21)H3-doublet ("1:9.00). Double irradiation 
87 Hz.downfield from the latter signal collapsed this doublet, 
confirming the 6 3 ,17 -structure. (2) The similarity in 
the chemical shift of the 5~-methyl group and that of the 
5~-methyl group in the compound (CXIVc) (1:: 8.85) and the 
equ .. torial C(3)-methine proton rwt~. 10 Hz.) are consistent 
with a 9 10 1"\' -structure. 
-A further minor hydroxyl1c-product (5%) was isolated. 
This compound, from which the 3~-methoxyl-group had been 
removed, recomposed before sufficient data was available for 
57. 
its identification. 
The reaction mixture from the fl-epoxide (CXIIIb) was 
separated by preparative t.l.c. to give the conjugated diene 
(CXVb) (34%), the conjugated diene (CXVIb) (17%), and the 
backbone-rearranged compound (CXVIIIc) (15%). The u.v. spectra 
of the diene (CXVb) ().. 249 n.m., Co 25,200) and 
max. max. 
the diene (CXVIb) (" 243 n.m., t.. 9,200) compare 
rnax. max. 
well with those reported for the compounds (CXVa) and (CXVIa)~88a) 
1 The H n.m.r. spectra of (CXVb) and (CXVIb) also compare well 
with those of compounds (CXVa) and (CXVIa). 
The l.r. spectrum of the compound (CXVIIIc) shows the 
presence of a hydroxyl group (3620,3450 cm:-l ~The ~ n.m.r. 
spectrum shows the 5fl-methyl group (-c. 9.00), the l4[3-methyl 
group (1: 9.09), the C(21 )H
3
-doublet (superimposed on the 
5[3-methyl signal , and lower branch of the side chain doublet 
"r9.12) • Double irradiation 90 Hz. downfield from the 
C(21)H
3
-doublet caused a reduction in the intensity of the 
signals at "t9.ooarrl9.12 and an increase in the intensity 
of the signal at '"t. 9.09. The structure of compound (CXVIIIc) 
was confirmed by its conversion to ccunpound (CXVIlb) with 
thionyl chloride in pyridine. 
Reaction of the a-epoxide (cxrIIg) l~ith boron trifluoride 
ga';~ a complex mixture. Preparative t.l.c. of the mixture 
gave the backbone-rearranged compound (CXVIlc) (27%), the 
ketone (CXIXb) (28%), the hydroxy-olefin (cxxr) (9%) and a 
further diene (cxxrI) (18%). 
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The ~ n.m.r. of the diene (CXVIlc) was typical of a 
1\.1 (10) ,13(17) t t d ib d i 1 D bl 1_' -s ruc ure, as escr e prev ous y. ou e 
_. 
irradiation experiments and the mass spectrum confirmed the 
A13,17 t t (2,22) Hyd ti f th di l..-' -s ruc ure. rogena on 0 e ene 
(CXVIlc) usjng a palladium-charcoal catalyst gave a single 
compound (CXXIII). The 10~-stereochemistry was indicated 
by an axial C(3) m,nhine proton (-C6.65-7.20) in the 
1 . . 
H n.m.r. spectrum. The 5~-methyl group signal ("",9.00) 
was shifted upfield relative to that for compound (CXVIlc) 
('"(.. 8.91). This shift (-0.09 p.p.m.) is similar to that 
observed on hydrogenation of the compound (CXVIla). The 
compound (CXXIII) was not further investigated. Ozonolysis 
of the diene (CXVIlc) gave a mixture. Preparative t.l.c. 
gave the pure tctrone (CXXIV) (23%). 1 The H n.m.r. spectrum 
(--C0.23, triplet, J. ~. 2.5 Hz.) and Lr. spectrur (2720 cm.-l ) 
of the compound (CXXIV) confirmed the presence of the -CHO 
1 group. The H n.m.r. spectrum also showed the C(21)H3 -dOublet 
at low field (-,: 8.93, J. ~ 7 HZ.). The mass spectrum 
shows an intense peak (m/e 362) due to loss of the A-ring 
carhon atoms from the molecular ion (m/e 462) by a McLafferty 
rearrangement (CXXV, fission (a». (64) A strong peak (m/e 
378) corresponding to the loss of side chain from the 
molecular ion by a similar mechanism is also observ~d 
(CXXV fission (b». These fra8JDenta tions are consistent 
with the assigned structure. 
The l.r. spectrum of the ketone (CXIXb) shows a 
carbonyl band (1705 cm.- l ). The ~ n.m.r. spectrum shows 
the 5tl- and :J!3f3-methyl signals superimposed (-c 9.05). The 
mass spectrum of the compound (CXIXb) shows an intense peak 
(m(e 384) due to loss of methanol from the molecular ion 
(m(e 416). This fragmentation is not observed in the mass 
spe"trum of the ketone (CXIXa). ThiS, and comparison of 
the ~ n.m.r. data for the two ketones (CXIXa) and (CXIXb) 
suggests they have a different carbon skeleton. The loss 
of methanol in the mass spectrometer is normally a 1,3-
or 1,4_elimination.(93,a,b) The enhanced loss of methanol 
in the inass spectrum of the ketone (CXIXb) (m/e 384, 37')1,), 
was thought to be possibly due to the formation of an ion 
(CXXVI) of enhanced stability. Preliminary deuteration 
experiments have however proved inconclusive. Scimffner 
!!.al.(94 ) have recently reported the formation of some 
8(9 -.10)abeo-10a-and 10f3-steroidal ketones by the photolysis 
of some 9a,10a- and 9f3-l0p-epoxides. 
The compound (CXXI) shows a hydrox-.il band (3590 cm. -1) 
in. its i.r. spectrum. The hydroxyl group was found to be 
resistant to acetylation using acetic anhydride!pyridine, 
(20) 1 
and to oxidation using Jones reagent. The H n.m.r. 
spectrum of the compound (CXXI) shows a single vinylic proton 
(""C. 4.66), two angular methyl groups ('"C8.88, 9.42) and 
an axial C(3)-methine proton ("C6.4-6.8). Dehydration of 
the compound (CXXI) with thionyl chloride in pyridine gave 
a single product, the diene (CXXVII). The u.v. spectrum 
indicates a non-conjugated diene. This eliminates the 
1 10 possibility of a~' - partial structure. The ~ n.m.r. 
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spectrum shows the angular methyl groups (""( 8.75, 9.31) 
and two vinyl1c protons. The calculated posl tlons for 
the 10~-methyl and 13~-methyl groups(46) of the compounds 
(CXXI) and (CXXVII) were found to be ln reasonable agreement 
with the experimental values (table 1). A A 5,6_ 
4 -
-structure as opposed to a l::!.,5 -structure was assigned 
on the basis of the half-height band I~idth of the vinylic-
proton (W~ 10 Hz.) for the compound (CXXI). Hydrogenation 
of the hydroxy-olefin (CXXI) using a platinum catalyst in 
acetic acid gave two compounds., separated by preparative 
t.l.c •• The major product (53%) was identified as 3~-methoxy­
cholestane,(33) by comparison with an authentic sample. 
This confirms the structure of the compound (CXXI). The 
minor product (10%) has been ass1gned the structure (CXXVIII) 
from its lH n.m.r. (see table 1) and i.r. spectral data. 
Compound Observed CalculateJ46) Observed Calculated 
10~-methyl 10~-methyl 13~-methyl l3P_methyl 
signal signal signal Signal 
CXXI 8.88 8.83 9.42 9.31 
CXXVII 8.15 8.83 9.37 9.38 
CXXVIII 9.02 9.06 9.}2 9.35 
TABLE 1 
The structure of the remaining diene (CXXII) (see 
fig.l) rests on the following evidence. The i.r. spectrum 
61. 
of the compound (CXXII) shows no hydroxyl or carbonyl bands. 
The mass spectrum of the compound shows the mOlecular ion 
(m/e 398) as the base peak and a peak (m/e 285, 22%) due 
to the loss of side chain. These data could be consistent 
wi th a diene structure (molecular formula C2f1i460) with 
one of the olefini~ bonds in the centre of the molecule 
but not at C(13)-C(17). (29) The u.v. spectrum of the 
compound indicates a non-conjugated diene system. The 
1 H n.m.r. spectrum shows a single vinylic proton (~4.75), 
an axial C(3)-methine proton (wt ~. 24 Hz), and the angular 
methyl group' (1: 9.13, 9.20). The C (21 )~-dOUblet was not 
observed at 10\1 field, indicating that a 13,17-olefinic bond 
was absent. The chemical shifts of the angular methyl signals 
indicated that the 13~-methyl group was highly deshie1ded 
and therefore an 8,14- or 14,15-olefinic bond could be 
present. A 14 15 ~ , - partial structure 110uld require a 
tetrasubstituted 9,10-01efinic bond. This is not consistent 
with the observed axial C(3)-methine proton, or the relatively 
high field positions of the angular methyl signals [c.f. 
compound (CXIVc); 5~-methyl (",",8.85)]. A6(10),8(14)-diene 
system would also require a 5~-methyl group signal at low 
field as the 5~-methyl group would be deshielded bJ" both 
olefinic bonds. An examinatio!'l of a molecular model of the 
compound (CXXII) indicates that the C(6)-vinyl1c proton 
would couple to only one of the C-(7) protons. This would 
be consistent 1"lith the observed narrow multiplet (wt~. 6 Hz.) 
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for the vinylic proton signal. Hydrogenation of the diene using 
a platinum catalyst in acetic acid gave the olefin (CXXIX). 
The mass spectrum of the compound (CXXIX) shows the molecular 
ion (m/e 400) as base peak and a peak (m/e 287, 13%) due to loss 
of the side chain. 1 The H n.m.r. spectrum of the compound 
(CXXIX) shows an a..dal C(3)-methine- proton (1:' 6.55-7.15) and 
the angular methyl group signals (~9.13, 9.37). The 
1 
angular methyl group signals in the H n.m.r. spectra of both 
compounds (CXXII) and (CXXIX) were identified by the addition 
of the paramagnetic shift reagent, tris-dipivalomethanato-
europium [ Eu (DR~)31. (95) A standard steroid: Eu(DFM)3 
molar ratiO, and a standard concentration were employed. 
The results are summarised in table 2. The compound (CXVIIc) 
and 3~-me~0~holest-5-ene were used as reference compounds. 
The results enable the l3~-methyl group signals to be 
assigned unambiguously for the compounds (CXXII.) and (CXXIX) 
but do not allow an unambiguous definition of the second 
angular methyl group as 5~- or 10~-. HOl"/Cver, the observed 
COM!'OUND VINYLIC METHOXYL 5~-ME'lHYL 10~-METHYL l3~-METHYL 
PROTON METHYL 
shirt Shift ShIr't Shirt 
"1:. Shift 
"t: ppm "l: ppm 1:' ppm -r ppm ppm 
3~-methoxy-4.73 0.18 6.76 1.53 9.00 0.17 9.33 0.03 
cholest-5-
-en.e 
CXVIIc 4.93 0.22 6.79 0.90 8.91 O.ll 9.04 0.04 
CXXII 4.750.08 6.79 1.49 9.13 0.13 9.20 0.02 
CXXIX 6.80 1.30 9.13 0.13 9.37 0.04 
TAmE 2 
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shift for the vinylic proton in compound (CXXII) (table 2) is 
5 6 1 10 ' 
more in kee ping vIi th a 6.' - than a t::i' -structure. 
These results thus support the proposed d,8(14) -structure 
for compound (CXXII) and the !S(9)-structure for the compound 
(CXXIX). ISvlll<t'isation of the 8,14-o1efinic bond to the 
8,9-position presumably occurs on the catalyst surface during 
hydrogenation. If this is so then compound (CXXIX) would 
be expected to have the 14~_cOnfiguration,(96,97) since the 
diene (CXXII), from mechanistic considerations, has the 9~-
configuration. 
The compound (CXXIX) was found not to be 313-methoxy-
cholest-8-ene by comparison with the literature.(88a) 
However the chemical shift of the 1313-methyl group (1( 9.37) 
1 in the H n.m.r. spectrum of the olefin (CXXIX) would seem 
to be far too high for a 14j3-steroid. (46) 
Treatment of the olefin (CXXIX) with ruthenium tetroxide (98) 
gave the dione (CXXXI). The same dione(CXXXI) was obtained 
from the olefin (CXXIX) by treatment with osmium tetroxide~97,99) 
followed by periodic acid cleavage of the intermediate diol,(CXXX). 
'!he aione (CXXXI) shows a single carbonyl band (1705 cm. -1) in' 
its l.r. spectrum, and this is consistent with the opening of 
an 8,9-o1efinic bond. (97) The olefin (CXXIX) was treated 
wi th hydrogen chloride in chloroform to give a crude product. 
This was hydrogenated overnight using a platinum catalyst in 
acetic acid. The crude product, a mixture of olefinic 
and fully saturated material (by mass spectrometry) did not 
contain any 3j3-methoxycholestane, as shown by t.l.c •• 
64. 
The structure of the diene (CXXII) and the reaction 
scheme (CXXII) ~ (CXXXI) (fig.1) at present represent only 
a 'best fit' to the available data, although some of these 
data are not fully consistent with the reaction scheme. 
Until a degradation of the diene (CXXII) is achieved which 
allows the positi"" identification of the position of at least 
one of the olefinic bonds, a definite structure cannot be 
assigned to the diene. Preliminary experiments using osmium 
tetroxide or ruthenium tetroxide on the diene (CXXII) have 
provided no identifiable products •• Ozonolysis 0f the die, 'e 
(CXXII) has given similar results. 
Reaction of the ~-epoxide (CXIllh) with boron trifluoride 
gave a mixture. Preparative t.L.c. of this mixture gave the 
backbone-rearranged compound (CXVIlc) (30%), the diene 
(CXXII) (8%), the conjugated diene (CXVc) (13%) and the 
ketone (CXXXII) (21%). 
The conjugated diene (CXVc) was readily identified from 
its characteristic u.v. spectrum ( ~ 248 n.m., £ 
rnax. max. 
27,OOO).(88a) The ~ n.m.r. spectrum also supported the 
assigned structure. 
The 1.r. spectrum of the ketone (CXXXII) shows a carbonyl 
group (1720 cm.- l ) and hydroxyl group (3640,}480 cm.-l ). 
Th", ~ n.m.r. spectrum shows t'1e 5~-methyl group (-C 9.09) 
and 13~-methyl group (1: 9.30) and no methine protons. The 
tertiary nature of the hydroxyl group was confirmed by its 
failure to acetylate using acetic anhydride in pyridine. 
Exhaustive deuteriation of the ketone (r.xxJCII) using sodium 
methoxide in deuterio-methanol indicates four exchangeable 
protons are present (by mass spectrometry). Dehydration of 
the hydroxy-ketone (CXXXII) with thionyl chloride in pyridine 
gave a tetra-substituted olefin (cxxxnla). '!he l.r. spectrum 
-1 L 
shows the carbonyl band (1715 cm. ); '!he -H n.m.r. spectrum 
shows both the 5fl-methyl ("'t 9.00) and 13f3-methyl ("C 9.20) 
groups shifted downfield relative to those for compound (CXXXII). 
Reduction of the compound (CXXXIIIa) with tri-(t-butoxy)-l1thium 
aluminium hydride (100) gave a single product, the hydroxy -
olefin (CXXXlllb). The i.r. spectrum of compound (CXXXIllb) 
shows a hydroxyl group (3580, 3400 cm. -1). '!he ~ n.m.r. 
spectrum also shows the 5fl-methyl group ("'t: 8.75) and 13f!-methyl 
group (1:: 9.21.). '!he equatorial C(3)-methine proton ('t: 5.90, 
vl~.~. 9 Hz.) is consistent with the formation of the 
3fl-hydroxyl grouP. Treatment of the hydroxy-olefin (cxxxrIIb) 
I~i th potassium in reflux1ng benzene, followed by methyl iodid~33) 
gave 3f!-methoxy-5fl-methyl-19-nor-cholest-9(10)-ene (CXIVc), 
identical in all respects with an authentic sample.(28) 
This verifies the structure of the keto-olefin (CXXXII). 
The formation of the keto-olefin (CXXXII) could occur by 
a 1,4-hydride migration from CO) to e(10) as shown (cxxxrv) 
to give the intermediate methoxonium ion (cx:xxv).. Although 
well documented in medium-sized ring compounds, (101) 
transannular 1,4-hydride migrations· are not I~ell known in 
cyclohexane ring systems. However a 1,4-phenyl shift has 
been reported for a six-membered ring system. (102) A 
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conooquence of the mechanism proposed above is the 10a-
-stereochemistry for the compound (CXXXII). This is consistent 
with the observed ready dehydration of the 9~-hydroxy-ketone 
(CXXXII) to give the 9,10-olefin (CXXXIIIa). The above 
mechanism could readily be proved by deuteriation experiments. 
The alternative .. ",chanism of a series of 1,2-hydride shifts 
from C(l) and C(2) would involve the generation of secondary 
carbonium ions and is therefore less likely. 
1 Tne H n.m.r. spectrum of the ~-epoxide (CXIIIb) shows 
an axial C(6)-methine proton as a quartet (J (apparent) 
12 Hz., 4 Hz.). This indicates a conformation (CXXXVI) for 
the epoxide. The ~ n.m.r. spectrum of the a-epoxide 
(CXIIIa) shows the C(6)-methine proton signal as a triplet 
(J (apparent) ~. 10 Hz.). This could indicate a ~onformation 
(cxxxvrI) or alternatively a conformation (CXXXVIII) in which 
the 7a- and 7~-protons exhibit accidental magnetic ~quivalence~23) 
The former conformation might be antiCipated to be the more 
stable of the two, since the 6~-acetoxy-group is equatorial. 
In the cases of the 6-keto-epoxides (CXIIId,f) and 
6-desoxy-epoxides (CXIIIg,h) the preference for any given half 
chair conformation is not known. These conformational 
ambiguities preclude the use of the axial cleavage rule(79) 
for the 9,10-epoxides studied. 
From the yields of backbone-rearranged products 
obtained in the reactions described, it is clear that the 
nature of the C(6)-substi tuent is a controlling factor on 
the efficiency of the backbone~rearrangement. The inductive 
(-I) effect of the C (6 )-substi tuent would be expected to 
affect the stability of any c(8) carboniwn ion and so 
affect the migratory aptitude of the 8~-hydrogen atom. 
This destadlising effect would be expected to oc in the 
order 6-keto.!) 6-acetoxy-) 6-desoxy.,., (36) as Nas observed. 
This effect of the C(6)-substituent has recently been 
Observed for other rearrangements leading to backbone-
rearranged prOducts.(58 ,59) This same inductive effect 
would also be expected to have .an influence on the dir~ction 
of C-O fission, electronegative substituents favouring 
C(9)-O cleavage as opposed to C(lO)-O cleavage. Thus the 
6-keto-epoxides (CXIlld,f) and 6~-acetoxy-epoxides (CXllla,b) 
gave no products unambiguously derived from C(lO)-O cleavage. 
In contrast to the above epoxid6'l the 6-desoxy-a-epoxide 
(CXlIIg) gave the compound (CXXI) and the 6-desoxy-~­
-epoxide (CXIIIh) gave the compound (CXXlCI), which are 
both formed ~ initial C(lO)-O cleavage •. A double-
rearrangement is necessary for the formation of the d1ene 
(CXXII). Although such a rearrangement is possible, 1 t does 
not seem very probable. It is known that some 9a-hydroxy-
-l9-nor-lO~-steroids and also some lOa-hydroxy-l9-nor-9~-
steroids under the conditions of the Westphalen rearrangement, 
or when treated with to:i..oone-p-sulphonic acid in acetic 
anhydride, give only the products of straightfor-o'Iard 
dehydration. (l60a) 
Recently evidence for a stePl'lise carboniwn ion 
mechanism in the "backbone-rearrangement.ll of a 
68. 
9i3-cholestane derivative has been published. (103) The 
" 
"backbone-rearrangement of the 91l,1.01l-epoxides ,(CXIIIb,f,h) 
would support this mechanism, where the ~-81l-hydrogen atom 
precludes any degree of concerted migration. Heterolysis 
of th~ C(9)··0 oond in the ll-epoxides(CXIIIb,f,h) must give 
a high degree of carbonium ion character at C(9). In 
the case of the a-epoxides (CXIII a,d,g) there is the 
possibility of some degree of concertedness in the C(9)-0 
cleavage and 8f!-.hydrogen atom migration. This seems to be 
indicated by the increased yields of the conjugated diene£ 
(cxv) and (CXVI) from the i3-epoxides (CXIIlb,f,h) relative 
to those from the a-epoxides (CXIIIa,d,g). The introduction 
of the more electronegative C(6)-substituents also increases 
\ 
the yields of the conjugated dienes (CXV) and (CXVI) from 
both the a-epoxides (CXIIIa,d,g) and Il-epoxides (CXIIIb,f,h). 
This probably reflects the reduced migratory aptitude of 
the c(8) hydrogen atom which allows a straightforward elimination 
to compete with Dackbone rearrangement. 
Discussion 2:-
8,9-Epoxy-31l-hydroxy-5cx,8cx-lanostane (ClCXXIXa) (104) was 
prepared by oxidation of 31l-hydroxy-5cx-lanost-8-ene (CXL)(105 ) 
with monoperphthalic acid. Acetylation of compound (ClCXXIXa) 
gave the 8cx,9cx-epoxide (CXXXIXb). (104) Both these epoxides 
were found to be :'ltable on recrystall1sation from ethyl acetate 
(c. f. reference 104). Treatment of the 8cx,9cx-epoxide 
(CXXXIXb) with boron trifluoride or tin (IV) chloride gave 
only the conjugated diene (CXLI). (106) The same result was 
obtained by treating the 8cx,9cx-epoxide (CXXXIXb) v/ith minoral 
acid. (104) Lithium in ethylamine reduction (with or without 
t-butanol) (104 ) gave the 9cx-hydroxy-compound (CXLII), (104 ) 
after acetylation and column chromatography. The by-product 
of the reaction was found to be the diene (CXLI) and not, as 
was previously reported, (104) the olefin (CXL). The 
formation of the diene is probably due to the 11 thium cations 
present in the reaction mixture acting as a Lewis acid. This 
has been reported to occur during the 11 thium aluminium 
hydride reduction of some e poxides. (107) Dehydration 
of tha 9cx-hydroxy-compound (CXLII) with thionyl chloride in 
(101~ ) pyridine gave the 9,ll-01efin (CXLIII). . Similarly 
treatment of the compound (CXLII) with sulphuric aCid/acetic 
anl;ydride/acetic acid, and with toluene-p-sulphonic a::id/ 
acetic anhydride gave the 9,ll-olefin (CXLIII) and no 
rearrangement .products. Oxidation of the olefin (CXLIII) 
Nith monoperphthal1c acid gave the 9a,llcx-epoxide (CXLIVa). 
70. 
R.O 
cxxxrx 
R 
(a) H 
(b) Ac 
Ac 0 
CXLr 
AcO 
CXLIIr 
AeO 
AeO 
Ac.O 
(a) 913 H 
(b) "90: H 
CXLrv 
(a) 90:,110: 
(b) 913,1113 
The appearance of the ll!3-proton as a doublet (~7 .04, 
1 J (apparent) 4.B Hz.) in the H.n.m.r. spectrum of the 
epoxide confirms the assigned 9a,lla-stereochemistry. 
Treatment of the epoxide (CXLIVa) with boron trifluoride 
or tir.(IV) chloride in dry benzene gave tlw same reaction 
mixture. Preparative t.l.c. of this mixture gave the 913-11-ketone 
(CXLVa) (35%) and the backbone-rearranged product (CXLVI) (45%). 
The structure of the ketone was clear from the i.r. 
spectrum (1713 cm.-l ) ar~ from its conversion into the known 
(lOB) 9a-ll-ketone (CXLVb) . by successive treatmen~ Nith base 
'\\., - 'I 
and reactylation. The structure of the oackbone-compound' 
(CXLVI) Nas indicated by the mass spectrum which ShONS a strong 
peak (m/e 355) due to loss of side chain from the molecular 
ion (m/e 462). (22) The 100 M.Hz. lH n.m.r. spectrum of the 
compound (CXLVI) shows a single vinyl1c proton ("I:: If. 7) and 
the C(2l)H3-dvublet (1:: 9.05; J. ~. 7 Hz.). This doublet 
collapsed to a Singlet on double irradiation 149 Hz. downfield, 
confirming the d-3,17_structure. (2) The 1.r. and u.v. 
spectra of the compound (CXLVI) were consistent I~ith the 
assigned structure. Treatment of the epoxide (CXLIVa) with 
tin(IV) chloride in benzene has recently been reported(109) 
to give only the ketone (CXLVa) (80%). The data rE'ported 
for the ketone (CXLVa) (m.p. lB3-50c.,[a]D+ 110 )(109). does not 
agree Ni th that obtained (m.p. 199-200oC}a]D+ 960 ) in 
the present work. The reasons for these differences are 
not clear. 
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It was anticipated that the 9~,1l~-epoxide (CXLIVb) 
might be prepared via the bromohydr1n (CXLVIIa). The 01ef1n 
(CXLIII) was therefore treated with N-bromoacetam1de and 
perchloric acid ("HOEr") in peroxide free, aqueous dioxan~llO) 
A single product, the bromo-ketone (CXLv"IIIa) owas obtained. 
The i.r. spectrw,. of the bromo-ketone (CXLVIIIa) 
is typical of an ex, ~-unsaturated ketone. The IH 
-1 (1668 cm. ) 
n.m.r. 
spectrum of the compound shows a signal at low field (~5.00; 
vl~. ~. 7 Hz.) ~Ihich is assigned to the equatorial 7~-methine 
proton. The u.v. spectrum ( ). 267 n.m. t. 7,660) 
max. max. 
shows the ~ shifted to a longer wavelength relative to 
max. 
the parent ex, ~-enone chromophore (CXLVIIIb) ('A 255). (108) 
max. 
Shifts to longer wavelengths of this magnitude have been 
recorded for the introduction ofaxial-)( -bromine atoms 
into other ex,~-enone systems.(lll) These shifts have been 
ascribed to second order effects due to partial overlap 
the (111) 
of the bromine p-orbitals witn/ex,~-unsaturated chromophore. 
Hydrogenolysis of the bromo-ketone (CXLVIIIa) USing a 
palladium catalyst gave the ex,~-unsaturated ketone (CXLVIIIb)~108) 
().. 257 n.m. E. 9,370). 
max. max. 
There was some disagreement 
between the malting point recorded for the ketone (CXLVIIIb) 
(133_4°C.) and that in the Uterature (108) (1l9_200~. 
Accordingly the ketone was recuced using lithium in liquid 
ammonia(112) to give the diol (CXLIXa) from ~Ihich the 
diacetate (CXLIXb) ~Ias obtained. Both these compounds 
have data in agre~ment with that in the literature. (113) 
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The failure of the olefin (CXLIII) to give the bromohydrin 
(CXLVIIa) is possibly due to a severe interaction in the 
transition state between the developing 9a-bromine atom 
and l4a-methyl group. 
It was found that the 9« ,lla-e poxide (CXLIVa) could 
be opened using periodic aCid/diOxan or perchloric acid/ 
methyl ethyl ketone(114) to give the diene (CXLI) but 
the 9a,llfl-diol (CXLVIIb) was not obtained. Treatment 
of the epoxide \~i th aqueous dioxan (115) gave recovered 
starting material. Attempts to introduce a 9o.--chlorine 
atom by reaction of the olefin (CXLIII) \'Ti th hypochlorous 
acid(116) or nitrosyl chloride(117) gave only recovered 
starting material. 
The failure of the 8a,9a-epoxide (CXXXIXb) to 
1317 . 
rearrange to a l' ' -compound is probably due in part 
-
to the ~-cc'nformation of the l4a-methyl and 8,9-epoxide 
groups. This requires the development of a full carbonium 
ion at c(8) for rearrangement to occur. This \~ould allow 
diene formation to compete effectively, as in the case of 
the 9,lO-epoxides studied(118) (Discussion 2). In contrast 
to this, the anti-conformation of the 8fl-hydrogen atom and 
9,1l-epoxide group in the epoxide (CXLIVa) would allow a 
more concerted type of reaction which could compete effectively 
with elimination. Although the similar acid-catalysed 
rearrangement of dihydroeuphol (CL) to isoeuphenol (CL!) 
is well known, (119) the rearrangement of the l)f3-methyl 
and l4a-methyl groups in the lanostane series has not been 
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previously reported. The f'ailure of' the 10f3-methyl group 
to migrate to C(9) in any of' the above reactions is a 
11 ttle surprising. Apparently the interaction between the 
geminal C(4) dimethyl group and 10f3-methyl group provides 
insui'f'icient driving .force f'or this reac"Cion to occur. As 
stated previously (see Introduction) ApSimon ~ al. f'ound 
the generation of an allylic C(lO) carbonium ion f'ollowed 
by A-ring aromatisation provided insuf'f'icidnt driving force 
f'or the lO~-methyl group to rearrange. (86) The rearrangement 
of' compound (CLII) to compound (CLIII) in good yield has 
recently been rep~rted. (120) The stabilisation of' the 
C(lO) carbonium ion intennediate by the 5,6-double bond 
provides sUf'ficient additional driving f'orce for this reaction. 
These results have recently been reported by us in the 
11 terature. (121) 
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Experimental: -
I.r. spectra were determined (for carbon tetrachloride 
solutions unless otherwise stated) with Perldn-Elmer 237 and 257 
spectrophotometers. U.v. spectra were determined (for hexane 
solutions unless otherwise stated) with Unicam s.p.800 and 
Uvispek spectrophotometers. ~ N.m.r. spectra were 
determined at 60 M.Hz., with a Perldn-Elmer R.lO spectrometer, 
at 100 M.Hz. with a Varian H.A •. 100 spectrometer or at 
220 M.Hz. with a Varian H;R.220 spectrometer. Solutions 
were in carbon tetrachloride unless otherwise stated. 
Rotations were measured for chloroform solutions with a 
Bendix polarimeter 143C. Mass spectra were determined 
with A.E.I. M.S. 902 and M.S. 12 mass spectrometers. One 
metre plates (0.5 m.m.) of Merck Kieselgel PF254 were used 
for preparative t.l.c. Column chromatography was carried 
out using deactivate~ (Grade III) Camag neutral alumina. 
Sol utions were dried over anhydrous sodium sulphate and 
solvents were removed .!!! vacuo on a rotary evaporator. 
The following standard experimental procedures were 
adopted .unless otherwise stated:-
Epoxidation.. The steroid was treated with a four molar 
excess of monoperphthal1c acid-ether solution (60 g./litre) 
at room temperature overnight. The excess acid was removed 
by washing the ether solution with a 2 N. sodium hydroxide 
solution followed by washing with l1ater. The solution was 
dried and the solvemt removed. 
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Hydrolysis __ A solution of the steroid in aqueous methanolic 
potassium hydroxide (5%) was refluxed for 30 minutes. The 
solution was cooled, poured into water and extracted with ether. 
The ether solution was washed well ~Ii th water and dried, 
followed by removal of the solvent. 
Acetylation.- The steroid was treated with an excess of acetic 
anhydride-pyridine (1:10) at room temperature overnight. The 
mixture was poured into water and extracted with ether. The 
ether was washed free of pyridine using dilute hydrochloric 
acid (2N.). This was followed by ~Iashing with a saturated 
sodium bicarbonate solution and water; after drying, the 
solvent was removed. 
Oxidation.- Alcohols were oJCl.dised using Jones reagent(20) 
(2 ml./l g. steroid) in acetone (~. 6 ml. / 1 g. steroid) 
o for 5 minutes at 0 C.. The mixture was poured into water 
and extracted with ether. The ether solution was washed with 
a saturated sodium bicarbonate solution fOllowed by water. 
The solvent was removed after drying the solution. 
Reaction of Epoxides with Boron trifluoride.-
The epoxide as a solution in sodium dried benzene (5% w./v.) 
was treated with boron trifluoride diethyletherate (1 ml./l g. 
steroid) for the specified time at room temperature. The 
mixture was poured into a saturated sodium bicarbonate solution 
and was then extracted with ether. The ether extract was 
washed with l'later, and dried. The solvent was removed to give 
the crude product mixture. 
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Reaction of 5,6a-Epoxy-3~-hydroxy-5a-cholestane (xrva).-
'!he epoxide (XIVa) (13) (1. 7 g.) was reacted with boron 
trifluoride for 7 min. to give a crude product mixture. 
Preparative t.l.c. [eluting (x2) with benzene-ethylacetate 
(1:1)) gave the fluorohydrin (XVa) (y~ mg.), m.p. 214_216° 
(from acetone), [a)o-7.5° (c. 0.25), lr (CDCl3 ) 5.74 (d, 
JHF .=!!:.. 50 Hz., 6-H), 5.92 (m, W~.=!!:.. 24 Hz., 3-H), 8.90 
(d, JHF~' 5 Hz., lOll-Me), 9.09 and 9.18 (side chain 
(14) ° doublet), and 9.32 (5, 1311-Me) (lit. J m.p. 219-221 , 
[a)o+ 36°), the ketone (XVIa) (77 ms.), m.p. 143_144° (from 
° (15) aqueous methanol), [a)o- 5.5 (c. 0.5) (lit' J m.p.142-
143°, [a)o- 5.1°), the ketone (XVIb) (187 mg.), a gum, 
[a)o- 32° (c. 0.4),\) . (CHCl
3
) ~ (OH), 1705 (c=o) 
max. 
cm.-
l
,1: (CDCl3 ) 5.89 (m, w~~. 8 Hz., 3-H), 9.09 and 
9.18 (d, side chain methyls), 9.13 (s, lOll-Me), and 9.34 
( (16) ° [) ° 13,17 (5, 1311-Me) lit.; m.p. 97, a 0-47 ), the 6 -compound 
(XVIIIa) (170 mg.), an amorphous SOlid, m.p. 147-149°, 
[a)o+ 38° (c. 0.8) (lit.;2)[a)o+ 3~), the Slightly impure 
~ ,10 -compound (XVIla) and a polar fraction (see later). 
311-Acetoxy-6j3-fluoro-5-hydroxy-5a-cholestane (XVb).- The 
fluorohydrin (XVa) was acetylated to give the 3-acetate 
(XVb), m.p. 213_214° (from acetone/hexane), [a)o-26° (c.0.15), 
-c.. (CDCl3 ) 1~.80 (m, W~ ~. 24)Hz. 3-H), 5.73 (d, JHF~' 
50 Hz., 6-H), 7.99 (5, OAc), 8.79 (d, JHF .=!!:.. 6 Hz., 
lOll-Me), 9.10 and 9.19 (d, side chain methy1s), and 9.32 
(s, 1313-Me) (lit. ~14) m.p. 212-214°, [a)o-220). 
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if!-AcetoJey-5@-cholestan-6-one (XVId).-'lhe ketone (XVIb) was 
acetylated to give the 3-acetate (XVId), m.p. 137-1380 
o (16) 0 (from methanol), [a)n- 25 (c. 0.5) (lit.) m.p.l38 
o [a)n- 26 ). 
3p,6a-DiacetoXY-5-methyl-19-nor-5p-cholest-9(10)-ene (XVIlb).-
Acetyla tion of the ~ ,10 -compound (XVIla) and further 
.-
t.l.c. [ethyl acetate-benzene (1:3») gave the d1acetate 
(XVIlb), a gum, [a)n+ 3~ (c. QI:l), t 7590 at 210 n.m., 
5000 at 215 n.m., and 2400 at 220 n.m., L (CDC13 ) 4.90 (m, 
W~ ca: 10 Hz., 3-H), 5.39 (q, J (apparent) ~. 11.2 and 
3.1 Hz., 6-H), 8.03 (s, 2xOAc), 8.84 (s, 5f!-!·le), 9.10 and 
9.19 (d, side chain methyls), and 9.24 (s, 13f!-Me) (FOund: 
C, 76.7; H, 10.6. C31H5004 requires C, 76.5; H, 10.4%). 
iP,6a-nihydroxy-5-methyl-19-nor-5p-cholest-9(10)-ene (XVIla).-
HydrolysiS of the diaeetate (XVIIb) gave the diol (XVIIa) 
(overall yield ll9 mg.), an amorphous solid, [a)n- 4.10 
(c. 1.0), i:: (CDC13 ) 5.80 (m, W~~. 9 Hz. j 3-H), 6.57 (q, 
J (apparent) ~. II and 4 Hz., 6-H), 8.62 (s, 5f!-Me), 9.09 
and 9.18 (d, side chain methyls), and 9.23 (s, 13f!-Me) 
(Found: C, 80.2; H, ll.45. C2f4602 requires C, 80.5; 
H, ll.5%). 
niketone (XVIlc).- Oxidation of the diol (XVIla) gave the 
[) 0 ( (21) diketone (XVIlc), a gum, a n- 46 c. 0.8) (lit.) [a)n-
4~). 
Diacetate (XVIllc )._ Acetylation of the polar fraction 
and further t.1.c. [ethyl acetate-benzene (1:5») gave the 
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mono-acetate (XVIrIb) , ~ (CDC~) 5.49 (t, J (apparent) ~. 
7.8 Hz., 6-H), and S.95 (m, W'~, 9 HZ.,3-H). Acetylation 
of the mono-acetate (XVIIlb) at 100° for 2 hr. gave the diacetate 
(XVIIIc) (overall yield 290 mg.), a yellow oll,[a)O+ 120 
(c. 0.8), -C (CDCl3 ) 4.93 (m, W! ~. 9 Hz.,3-H), S.42 (t, 
J (apparent) ~. 7.8 Hz.,6-H), 7.98 (s, 2 x OAc), 8.96 (s, 
Sfl-Me), 9.01 (low-field branch of C(21)H5doublet), 9.11 
(high field branch of C(21) ~doublet, 14~-Me, side chain), 
and 9.23 (side chain) (lit.j2) [a)n+ 140 )[see also reaction 
of epoxide (XIVb»). 
~ (XVIIId). - Hydrolysis of the diaceta te (XVIIIc) gave the 
diol (XVllld), m.p. 191-192.So (from methanol), [a)n+ 20° 
( (2) ° [) 0 c.0.3S) (lit.) m.p. 192-193, a 0+ 21 ). 
niketone (XVIlle).- Oxidation of the dio1 (XVIlld) gave the 
diketone (XVIIIe), a gum, [a)n+ 340 (c. 0.4) (lit.;2)[a)n 
o 
+ 34). The same diketone was obtained by oxidation of the 
dio1 (XVIIIa). 
Reaction of S,6fl-Epoxy-3fl-hydroxy-Sfl-cholestane (XIVb).(13 )_ 
The epoxide (XIVb) (2.0 g.) was reacted for 7 min. with boron 
trinuoride and gave a crude product which was separated by 
preparative t.l.c. [eluting (x3) with ethyl acetate-benzene 
(1:1») to give the ketone (XVIa) (400 mg.), m.p. 154-1Se;o 
[ ) 0 (lS) 0 (from methanol), a n- S.2 (c. 1.9) (lit.) m.p. 142-3 , 
[a)n- S.lo),and a polar fraction. 
Acetate (XVIe).- Acetylation of the hydroxy-ketone (XVIa) 
gave the 3-acetate (XVIe), m.p. 128-1300 (from methanol), 
°79. 
,0 (15) 0] 0) [a]O-lo (c.l.l) (lit.) m.p. 127-128 ,[a D- 15.5 • 
Diacetate (XVIIIc).-Acetylation of the polar fraction at 
100oC.for 2 hr. gave after t.l.c. on silver nitrate-impregnated 
silica (10%) [ethyl acetate-benzene (1:10)] the diacetate 
(XVIIIc) (2) (800 RIg.), [a)O+ 11.30 (c. 1.06). 
Reaction of 5,6a-EpoXY-3~-methoxy-5a-cholestane (XIVc).(28) -
The epoxide (XIVc) (1.0 g.) was reacted Id th boron trifluoride 
for 5 min. to give a crude product. Preparative t.l.c. [ethyl 
acetate-benzene (1:5») gave five fractions of which four 
appeared from spectroscopic data to be essentially homogeneous 
and these were acetylated. T.l.c. of the four fractions gave 
3~-methoXY-5~-cholestan-6-one (XVIc) (270 RIg.), m.p. 108-
llOo(from methanol), [a)o- 390 (c. 0.95), \) 2835 and 
max. 
-1 ~ llOO (OMe). 1708 (C=O) cm •• '"'t 6.58 (m, W2 ca. 8 Hz •• 3-H), 
6.79 (5. OMe), 9.14 (d, side chain methyls), 9.19 (s, 10~-Me), 
and 9.35 (s. 13~-Me) (Found: C. 80.75; H, 11.55· C28H4802 
requires C, 80.7; H, 11.6%), 6a-acetoxy-3~-methoXY-5.14-
-dimethyl-18,19-bisnor-5~,8a,9@,10a,14p-cholest-13(17)-
ene (XVIII f) (90 mg.). a gum. [a)o+ 510 (c. 0.5)." 
- max. 
1733 (C=O), 1245 (C-O) and 1095 (OMe) cm.-1 • \:. 5.44 (m. 
wt. ~. 7 Hz., 6-H), 6.56 (m, wt ~. 9 Hz., 3-H), 6.78 (s. 
OMe). 8.02 (5, OAc), 8.92 (s, 5~-Me), 8.98 (lowfield branch 
of C(21) Hrdoublet). 9.12 (high-field branch of C(21.)H3 -
doublet, 14~-Me, side chain), and 9.22 (side chain) (the 
C(21.)~doublet collapsed on double irradiation 88 Hz. downfield), 
M (mass spectrum) 458.3757 (12% of base peak) (~l5o~require6 
80. 
458.3760). base peak 285.2213 (C20H290 requires 285.2218). 
6a-acetoxy-3~-methoXY-5-methyl-19-nor-5p-cho1est-9(10)-ene 
(XVIld) (180 mg.). m.p. 71_730 (from methanol). [a)O+ 630 
-1 (c. 0.7). 'V 1740 (C=o). and 1240 (C-O) cm •• I: 5.47 
max. 
(q. J (apparent) ~. 10.3 and 2.6 HZ •• 6-H). 6.52 (m. w~. 
~. 11 Hz •• 3-H). 6.75 (s. OMe). 8.03 (s. OAc). 8.80 (s. 
5~-Me). 9.14 (d, side chain methyls). and 9.22 (s. 13~-Me) 
(Found: C. 78.75; H, 11.05. C30HSO03 requires C. 78.55; 
H. 11.0%). and 6a,9-epoxy-3p-methoXY-1(1~ 5)-abeo-5a-cho1estane 
o (XXII) (70 mg.). [a)o+ 7.1 (c. 0.6). 'V 2835. 1100 (<>Me) 
max. 
-1 
cm. • -c.. (220 M.Hz.,CDC13 ) 6.17 (d. J (apparent) ~. 5.2 Hz •• 
6-H). 6.24 (m. W~ ~. 14.6 Hz •• 3-H),' 6.73 (s. OMe), 9.09 
(d. J (apparent) ~. 7.5 Hz •• 10~-Me). 9.13 (d. side chain 
methyls). and 9.37 (s. 13~-Me). M (mass spectrum) 416.3657 
(C2aH4802 requires 416.3654) (Found: C. 80.25; H. 11.7. 
C2aH4802 requires C. 80.7; H. 11.6%). 
910 Ketone (XVIle). - Hydrolysis of the 6' -compound (XVI Id ) 
gave the alcohol (XVIIf). V 3640 and 3480 (OH) cm.-l • 
max. 
1: 6.6 (m. 3- and 6-H). 6.80 (s. OMe). 8.82 (s, 5~-Me), 9.18 
(d. side chain). and 9.29 (s. 13~-Me). ~lh1ch on oxidation gave 
the ketone (XVIle), m.p. 64_660 (from metheno1). [a)o- 8.00 
(28) "'~o [) 80 (c. 0.30) (lit." m.p. v:>. a 0- 7. ). 
3.6-0ioxo~14-methy1-1(lO-Z5)-abeo-18-nor-5a.8a.9~.14p­
cholest-13(17)-ene. (XXIV).- The epoxy-spiran (XXII) (lSO mg.) 
as a solution in acetic acid (6 ml.) and acetic anhydride 
(2 ml.) was treated with boron trifluoride (1.1 ml.) for 12 hr. 
81. • 
o 
at O. Ether l'laS added and the mixture was poured into 2 N. 
sodium hydroxide solution. '!he ether extract was washed 
with water, dried, and the solvent removed. The crude extract 
was hydrolysed and oxidised to give a crude mixture. Preparative 
t.l.c. (benzene) gave the dioxo-spiran (xxrv)(20 mg.), a gum, 
. -1 
V 1750 (3-C=O), and 1715 (6-C=O) cm. ,-C 9.01 
max. 
(low-field branch of C(21)Hjidoublet), 9.08 (high-field branch 
of C(2l)~, 14~-Me), and 9.16 (d, side chain methyls) (Double 
irradiation 83 Hz. downfield caused the C(2l) H5doublet to 
collapse to a shoulder on the 14~-methyl signal), M (mass 
spectrum) 398.3187 (C2~4202 requires 398.3185), base peak 
285.1849 (C19~502 requires 285.1854). 
Reaction of a Mixture of Cyclohexanol and Epoxide (XIVd).-
A mixture of the epoxide (1.0 g.) and cyclohexanol (0.23 g.) 
was treated with boron trifluoride ether complex (300 mg., 
.!:.!. 1 mol. with respect to steroid) under the usual conditions 
for 5 min.. Preparative t.l.c. [ethyl acetate-benzene (1:10») 
allowed the isolation of the major product, the fluorohydrin 
(14) 0 0 (:XVb) (400 mg.), m.p. 2l3-2l4 ,[a:]n-20 (c.o.84). 
Variation of the quantity of boron trifluoride (0.1, 1.5, 
and 10 mol.) did not appear (t.l.c.) to change the mixture 
of products. 
Reaction of 3P-AcetoxY-5,6a:-epoxY-5a:-androstan-17-one (XXVIlla).-
'!he epoxide(41) (1.2 g.) was reacted with boron trifluoride 
for 5 min.. '!he crude product was separated by preparative 
t.l.c. [ethyl acetate-benzene(1:3») and gave the fluorohydrin 
(xxrxa) (812 mg.), m.p. 165-1~ (from methanol), [a:]n+ 24(c.1.0), 
82. 
'V max. (CHC13 ) 3620 and }4SO (OH), 1740 (acetate and 
17-C=<», and ~. 1250 (C-O) cm.-l , t:: (CDC13 ) 4.90 (m, 
W~~. 20 Hz., 3-H), 5.71. (d, JHF~. 50 Hz., 6-H), 8.00 
(s, OAc), 8.90 (d, J ca. 5 Hz., 10~-Me), and 9.13 (s, 
(122) 0 13~-Me) (lit., m.p. 160., [a)O+ 15.6), the epoxide 
(XlCVIIIa) (78 rug. )-:.and a polar material. 
3~,6a-D1acetoxy-5-methyl-19-nor-5~-andrcst-9(~0)-en-17-one 
(XXXb).- Acetylation and further t.l.c. of the polar material 
frcm above gave the diacetate (XXXb) (2ll. rug.). a gum, 
[a]O+ 940 (c. 0.85), E. 5380 at 215 n.m., 'IJ max. (CHC13 ) 
-1 1735 (acetate and 17 C=<», and 1240 (C-O) cm. ,1:. (CDC13 ) 
1 . 4.86 (m, W2" ~. 10 Hz., 3-H), 5.32 (q, J (apparent) ~. II 
and 4 Hz., 6-H), 7.95 (s, 2 x OAc), 8.76 (s, 5~-Me), and 
9.03 (s, 13~-f'le) (Found: C, 70.89; H, 8.38. C23~205 
requires C, 71..10; H, 8.30%). 
Oiketone (XlOCc).- The diacetate (XXXb) was hydrolysed and 
oxidised to give the 3,6-diketone (XlOCc), m.p. 175-17~ (from 
benzene-petrol), V 1740 (17-C=<>). and 171.8 (3,6-c=<» 
max. 
cm. 
(42) . 0 (Ut. / m.p. 175-177 ). 
-1 
Reaction of 5,6a-EpoXY-3~-hydrcxy-5a-andrcstan-17-one (XlCVIIIb).-
.The epoxide (XlCVIIIb)(41) (600 mg.) was reacted as a 
saturated solution (.2!. 1.2%) in benzene with boron trinuoride 
for 7 min.. The crude prcduct was acetylated. Preparative 
. 910 
t.l.c. [ethyl acetate-benzene (1:3)]eave the ~' -compound 
(XXXb) (244 rug.) and an inseparable mixture of three products 
1 (455 mg.). From the methine proton Signals in the H n.m.r. 
spectrum of the mixture the percentage yields of the fluorohydrin 
(XXIXa) (25%), the ketone (XXXIa) (18.5%) and the epoxide 
(XXVIIIb) (~. 2);) were estimated. Preparative t.l.c. of the 
mixture [benzene-ethyl acetate (1:1») gave some pure fluorohydrin 
(XXIXa). The mixture was hydrolysed to give a mixture of two 
products (by t.l.c.). Treatment of this mixture with periodic 
acid in ref1uxing acetone(43) for 30 min. on work up gave a 
mixture of two products. Preparative t.1.c. [e1uting(x 2)with 
benzene-ethyl acetate (1:1») gave the ketone (XXXIb), m.p. 
205-2070 (from methanol), [a)D+ ?lJo (c. 0.35) (l1t.544 ) m.p. 
204_2070 , [a)D+ 33), and the trio1 (XXIXb), m.p. 296_2980 
(from acetone) (lit.)45 ) m.p. 301-302). 
Attempted Isomerisation of the ~,10_compound (XXXb).-
Treatment of the 69,10_compound (XXXb) with bcron 
trifluoride in benzene as usual, for 18 hr., on work up 
gave only recovered starting material. 
Reaction of 5,6~-EpoxY-3~-hydroxy-5~-androstan-17-one (XXVIIIc)~41) 
- The epoxide (XXVIIIc) (0.6 g.) was reacted with boron 
trif1uoride as a saturated solution (~. 1%) for 7 min •• 
Preparative t.l.c. [benzene-ethyl acetate (1:1») of the 
crude product gave three fractions. Further t.l.c. [chlorofonn-
methanol (19:1») of one fraction gave the ketone (XXXIb)(44) 
(91 mg.), V (CHC1
3
) 3610 and 3460 (OH), 1740 (17-C=O), 
max. 
and 1715 (6-C=O) cm. -1, -r:. (COC13 ) 6.42 (m, W~~. 24 Hz., 
3-H), 9.12 (s, 10~-Me), and 9.22 (s, 13~-Me), and a second fraction. 
This was acetylated and recrystallised to give 3~,6~-diacetoxY­
-5-nuoro-5a-androstan-17-one (XXIXd) (217 mg.), m.p. 2480 
(from methanol), [a)D+ 7.10 (c. 0.71), "'t (COC13 ) 4.60-5.40 
84. 
(m,3,6-H), 7.91 (s, OAc), 7.99 (s, OAc), 8.82 (s, 10j3-Me), and 
9.10 (s,13j3-Me) (Fbund: C, 67.78; H, 8.24. C23H330SF 
requires C, 67.64; H, 8.14%). A second fraction was acetylated, 
and further t.l.c. [ether-petrol (1:1») gave 3/3,6/3-diacetoxy-
S-methyl-19-nor-5j3-androst-1(10)-en-17-one (XXXIIa) (39 mg.), 
m.p. 220_2220 (from methanol), (a)D+ 160 (c. 0.31), " malt. 
(CHC1
3
) 1735 (OAc and 17 C=o), and~. 1240 (C-O) cm.-1 ,l: 
(CDC1
3
) 4.S6-S.30 (m, 1, 3, 6-H), 7.92 (s, OAc), 7.98 (s, 
OAc), 8.75 (s, S/3-Me), and 9.11 (s, 13/3-Ne) (Found: C, 71.11; H, 
8.34. C23~205 requires C, 71.10; H, 8.30%). The third 
fraction (120 mg.) was an inseparable polar mixture. 
Diketone (XXXIIb).- The diacetate (XXXIIa) was hydrolysed and 
oxidised to give the dike tone (XXXIIb), a gum, V 174S 
max. 
-1 ...... 1 (17-C=O), and 1720 (3,6-C=O) cm. , \.. 4.5 (m, W"2 ~. 12 Hz., 
1-H), 8.76 (s, 5j3-Me), and 9.12 (s, 13/3-1.!e). 
Attempted Isomerisation of the Diketone (XlOCIIb).- The diketone 
(XXXIIb) (12 mg.) in ethanol (0.6 ml.) 11as refluxed for 1 hr. 
with ethanol1c potassium hydroxide (0.1 ml., 30%). Work up 
gave a mixture (by t.l.c.), which was not further investigated. 
Treatment of the Fluorohydrin (XXIXd) w1 th Base.-
The fluorohydrin (XXIXd) (100 mg.) I'ras heated under 
reflux in methanol1c potassium hydroxide solution (S%) for 
30 min. and poured into water. Extraction with El:.her gave the 
hydroxy-epoxide (XXVIIIc) (71 mg.) identical with an authentic 
sample. 
S,6a-Epoxy-3e-methoxy-Sa-androstan-17-one (XXVIIId).- 3/3-Methoxy-
-androst-5-en-17-one(48)(3.0 g.) was epoxidised to give the 
8S. 
5,6a-epoxide (XXVIlld) (3.0 g.), m.p. 167-1690 (from methanol), 
[a)n- 18.~(c. 0.6), \) 28)0, 1095 (OMe) and 1735 (17 
max. 
C=O) cm.- l , '1:: (CDC13 ) 6.6-6.95 (m, 3-H), 6.69 (s, OMe), 
7.07 (d, J (apparent) ~. 4 HZ.) 6-H), 8.93 (5, lOll-Me), and 
9.19 (s, 131l-Me) (Found: C, 75.27; H, 9.28. C20H)o03 
requires C, 75.43; H, 9.50%). 
Reaction of 5,6a-Epoxy-31l-methoxy-5a-androstan-17-one (XXVIlld).-
The epoxide (XXVIIId) (2.0 g.) was reacted with boron trifluoride 
for 5 min •• Preparative t.l.c. [benzene-ethyl acetate (1:1») 
gave two fractions which were acetylated. Further t.l.c. 
[benzene-ethyl acetate (10:1») of these fractions gave 
6a-acetoXY-3@-methoXY-5-methyl-19-nor-5~-androst-9(10)-en-17-one 
(XXXd) (400 mg.), m.p. 1520 (from methanol), [a)n+ 136°(c.O:(6) ':I 
E 4,600 at 215 n.m., \) 2830, 1090 (OMe), 1745 (acetate 
max. 
and 17-C=O), and 1240 (C-O) cm.-l , -r (CDC1
3
) 5.33 (q, 
J (apparent) ~. 10 and 4 Hz • .,6-H), 6.47 (m, lJ~ ~. 12 Hz., 
3-H), 6.71 (5, OMe), 7.98 (5, OAc), 8.76 (5, 51l-Me), and 9.04 
(5, 131l-Me) (FOund: C, 72.85; H, 8.85. C22H)204 requires 
C, 73.30; H, 8.95%), .6{l.fluoro-5~hyd~.oXY-3@-methoXY-5a-androstan­
-17-one (XXIXe) (269 mg.), m.p. 223-2250 (from methanol), 
o [a)n+ 42 (c. 0.75), 'I) max. (CHC13 ) 3610 and 3440 (OH), 
28)0,1095 (OMe), and 1740 (C=O) cm.-l , L: (CDC13 ) 5.71 
(d, JHF.~' 50 Hz., 6-H), 6.40 (m, W~~. 22 Hz.,3-H), 
6.67 (5, OMe), 8.87 (d, JHF • .£!:.. 5 Hz., 101l-~le), and 9.12 
(5, 131l-Me) (Found: C, 71.33; H, 9.07. C20H)l03F requires 
C, 70.99; H, 9.24%), 3@-methoxy-5@-androstan-6,17-dione (XXXIc) 
86. 
(414 mg.), m.p. 163_1640 (from methanol),[a]D + 6.70 (c. 0.76), 
V 2830, 1095 (OMe), 1150 (11 C=O), and 1115 (6 C=O) 
max. 
-1 1 6 cm. ,t:: 6.59 (m, W"2~' 8 Hz., 3-H), .18 (s, OMe), and 
9.14 (s, 10~,13~-methyls) (FOund: C, 15.01; H, 9.39. 
C20H3003 requires C, 15.43; H, 9.50%), and the epoxide 
(XXVIIId) (85 mg.). 
Reaction of 3~-AcetoXY-5,6a-epoxY-5a-pregnan-20-one 
(XXXIIIa). (41) _ The epoxide (XXXIIIa) (1.65 g.) was reacted 
wi th boron trinuoride for 10 min.. The crude product was 
separated by preparative t.l.c. [benzene-ethyl acetate (3:1») 
and gave the fluorohydrin (XXXIVa) (1.26 g.), m.p. 222_2240 
(from methanol), [a)D+ 43°(c. 0.38 ), "'t:. (CDC13 ) 4.90 (m, 
W~ ~. 22 Hz., 3-H), 5.18 (d, JHF • ~. 50 Hz., 6-H), 1.90 
(s, CH3CO-), 8.00 (s, CH3CO-), 9.11 (d, JHF~' 4 Hz., 10~-Me), (14) 0 0 
and 9.39 (s, 13~-Me) (lit.) m.p. 223-224 , [a)D+ 42 ), 
the epoxide (XXXIIIa) (218 mg.) and a polar fraction. 
Diacetate (XXXVb). The above fraction was acetylated. 
Preparative t.l.c. [benzene-ethyl acetate (19:1») gave 
3~,6a-diacetoXY-5-methyl-19-nor-5~-pregn-9(10)-en-20-one 
o (XXXVb) (140 mg.), m.p. 118-119 (from methanol), [a)D 
+ 13~ (c. 0.5), E. 5,350 at 215 n.m., \J 1740 max. 
(acetate C=O), 1712 (C=<», and 1235 (C-O) cm.-1 , l:' (CDC13 ) 
4.98 (m, W-!?~. 10 Hz., 3-H), 5.44 (q, J (apparent) ~. 
11 and 4 ~, 6-H), ca. 1.99 (m, 3x CELC01, 8.80 (s, 5~-Me), 
- ;; 
and 9.29 (s, 13~-Me) (Found: C, 71.83; H, 8.90. 
C25~~5 requires C, 12.08; H, 8.71%). 
81. 
niketone (XlOCVc). - '!he diacetate (XXXVb) (lOO mg.) on 
hydrolysis and oxidation gave the diketone (XXXVc) (50 
o 
mg.), m.p. 168-169 
(51) c.r.o m.p. 167-1u, , 
o (from ethanol), [a]n+ 6 (c. 0.8) (lit.) 
[a]n+ 7.80 ). 
Reaction of 5,6a-Epoxy-3P-hydroxy-5a-pregnan-20-one 
(XXXIIIb). (41) _ '!he epoxide (XXXIIIb) (1. 4 g.) was treated 
wi th boron trifluoride for 7 min.. '!he crude product was 
acetylated. Preparative t.l.c. [benzene-ethyl acetate 
(3:1)] gave three fractions. TWo fractions were further 
separated by t.l.c. [benzene-ethyl acetate (10:1)] and gave 
the fluorohydrin (XXXIVa) (129 mg.), 3~-acetoxy-5~-pregnan­
-6,20-dione (XXXVIa) (439 mg.), m.p. 111_1l2° (from petroleum 
ether), [a]n+ 13.80 (c. 0.72), '..l 1740 (acetate C=o), 
max. 
1710 (6,20-C=O), and 1240 (C-O) cm.-; -C 5.02 (m, W~.£!.. 
8 Hz., 3-H), 7.99 (5, ~CO-), 8.01 (5, CH}CO-), 9.14 (5, 
10~-Me), and 9.44 (5, 13~-Me) (Found: C, 73.84; H, 9.22. 
C ui C 73 76 9 1 ') \9,10 23H3404 req res, • ; H, • 5~J ;)and the L -
compound (XXXVb) (517 mg.). '!he third fraction (490 mg.) 
of polar material was not further investigated. 
Reaction of 5,6~-EPOxy-3p-hydroXY-5p-pregnan-20-one 
(XXXIIIc). (41) _ '!he epoxide (2.0 g.) was treated with 
boron trifluoride for 5 min •• '!he crude product was 
acetylated and preparative t.l.c. [benzene-ethyl acetate 
(10:1)] gave 3~,6~-diacetoxy-5-fluoro-5a-pregnan-20-one 
o (XXXVII) (1.25 g.), m.p. 221-222 (from acetone), [a] 
00 (c. 0.77), 'V 1740 (acetate C=O), 1710 (C=O) and 
max. 
1248 (C-O) cm.- l , -C (CDC13 ) 4.6 - 5.4 (m, 3,6-H). 
88. 
7.93, 7.96, 8.03 (s, 3 x ~CO-})8.87 (s, 10~-Me), and 
9.38 (s, 13~-Me) (Fbund: C, 68.87; H, 8.}4. C25~705F 
requires C, 68.71; H, 8.54%), and the ketone (XXXVIb) 
(518 mg.), m.p. 155-1560 (from aqueous methanol), [a]n+ 
260 (c. 0.57) (lit.;53) m.p. 155-15~}. Some highly polar 
material (450 mg.) was not further investigated. 
Ketone (XXXVId). - The acetoxy-ketone (XXXVIb) was hydrolysed 
to give the hydroxy-ketone (XXXVId), m.p. 185_1870 (from 
ethyl acetate), \J (CHC13 ) 3620 and 3470 (OH), and 1710 max. 
(6, 20 - C=o}'cm.-l , ~ (COC13 ) 6.40 (m, w~~. 23 Hz., 3-H),' 
7.90 (s, ~CQ.;l, 9.25 (s, 10~-Me), and 9.39 (s, 13~-Me) 
(53) 6 0 (lit.) m.p. 18 -187 }. 
5,6a-Epoxy-3@-methoxy-5a-pregnan-20-one (XXXIlld).-
3~-Methoxy-pregn-5-en-20-one (54) (2.5 g.), v/as epoxidised 
to give the a-epoxide (XXXIlld) (2.5 g.), m.p. 146-1480 
(from ethyl acetate), [a]n 00 (c. 0.67), V 2830, 1095 
max. 
(OMe). and 1708 (C=o) cm.-l , -c:,.6.55-7.00 (m, 3-H), 6.80 
(s,OMe), 7.25 (d, J (apparent) ~. 4 Hz., 6-H), 8.06 (s, 
~CO-), 8.99 (s, 10~-Me), and 9.49 (s, 13~-~1e) (Fbund: 
C, 76.21; H, 9.78. C22~403 requires C, 76.26; H, 9.89%). 
Reaction of 5,6a-EpoXY-3~-methoXY-5a-pregnan-20-one (XXXIlld).-
The epoxide (XXXIIId) (3.0 g.) was reacted with boron trifluoridc 
for 5 min.. Preparative t.l.c. [benzene-ethyl acetate (10:1)] 
of the mixture gave two fractions. The first fraction was 
further separated by t.l.c. [ether-petrol (3:2)] and the 
fractiOns acetylated. Further t.l.c. of these fractions 
89. 
gave 6a-acetoXY-3~-methoXY-5-methYl-19-no.r-5@-pregn-9(10)-en-20-
-~ (XXXVd) (680 mg.), a gum, [a]O+ grO (c. 0.7), €. 5,200 
at 215 n.m., 'V 2820, 1090 (OMe), 1730 (acetate -c=<», 
max. 
1705 (C=<», and 1235 (C-O) cm.-l , " 5.47 (q, J (apparent) 
,S.!. II and 4 Hz., 6-H), 6.52 (m, W~ ,S.!. 11 Hz., 3-H), 6.76 
(5, OMe), 8.00, 8.04 (5, 2 x ca,CO-), 8.81 (5, 5~-Me), and 9.30 
(s, 13~-Me), M (mass spectrum), )88.2562 (C24~0If requires 
388 .2613 ), 9@~ fluoro-5-bydroxy - 31!-methoxy -5a-pre gnan-20-one 
(XXXIVb) (236 mg.), m.p. 190-191° (f'rom methanol), [a]n+ 
41 0 (c. 0.8), V (CHC13 ) 3600, 3450 (OH), 3830, 1095 max. 
-1 (OMe), and 1700 (C=<» cm. ,t:: (CDC13 ) 5.77 (d, JHF • ~. 
50 Hz., 6-H), 6.3-6.7 (m, 3-H), 6.68 (s, ot.Je), 7.91 (s, ca,CO-), 
8.90 (d, JHF• ,S.!. 5 Hz., 10~-Me), and 9.37 (s, 13~-Me) (Found: 
C, 72.04; H, 9.76. C2~503F requires C, 72.02; H, 9.63%), 
and 6a-acetoxy-31!-methoxy-l(10 ~ 5}-abeo-5a-pregn-9(10)-en-
o 
-20-one (XXXVIII) (98 mg.), a gum, [a]o+ 62.5 (c. 0.92), 
E. 6520 at 215 n.m., V ax 2825, 1095 (OMe), 1735 (acetate m • 
C=O), 1708 (C=<», and 1240 (C-O) cm.- l , ~ 5.33 (q, J (apparent) 
~. II and 4 Hz., 6-H), 6.28 (m, W~ ,S.!. Ilf Hz., 3-H), 6.82 
(s, OMe), 8.00, 8.04 (2 x ca,CO-), 8.32 (s, 10-Me), and 9.31 
(s, 131!-Me), M (mass spectrum) )88.2608 (C24~04 requires 
388.2613). The second fraction was separated by t.l.c. 
[ether-petrol (2:3)] to give 6a,9-epoXY-3~-methoxy-1{1~ 5)-
abeo-5a-pregnan-20-one (XXXIX) (55 mg.), a gum, [a]o+ 59.6 0 
(c. 0.71), V max. 2835, ll05 (OMe), and 1708 (C=<» cm.;1 
\:{100 M.Hz., CDC13 } 6.17 (d, J~. 6 Hz., 6-H), 6.26 (m, 
W~~. 18 Hz., 3-H), 6.75 (5, OMe), 7.91 (s, ca,CO-), 9.15 
90. 
(d, J £!. 7 Hz., 1013-Me), and 9.44 (s, 1313-Me) (Double 
irradiation 66 Hz. downfield caused the 1013-methyl doublet 
to collapse) (Found: C, 75.82; H, 9.95. C22~03 requires 
C, 76.26; H, 9.895~), and 3@-methoxy-513-prcgnan-6,20-dione 
(XXXVIc) (399 mg.), m.p. 172-1730 (from methanol), [al
n
- 2.50 
(c. 1.1), \) 2835, 1105 (0Me), and 1710 (C=o) cm.-; 
max. 
""(..6.58 (m, W~ ~. 8 Hz., 3-H), 6.79 (s, O~le), 7.98 (s, 
~CO-), 9.19 (s, 1013-Me), and 9.42 (s, 1313-Me) (Found: C, 
76.35; H, 9.82. C22~403 requires C, 76.26; H, 9.89%). 
:213-Hydroxy-19-methyl-cholest-5-ene (XLVIIIa).- A 2.0 M hexane 
solution ofn-hutyllithium (26 ml.) was added to a suspension 
of methyl.tr:LphenylphosPhonium iodide (22 g.) in dry 
benzene (200 ml.) and the mixture stirred under nitrogen for 
2 hr •• 313-Hydroxy-19-oxo-cholest-5-ene (XLVI) (61) (8.1 g.) 
dissolved in dry benzene (200 ml.) was added slowly. The 
mixture was stirred overnight at room temperature and then 
refluxed for 6 hr •• After cooling, the mixture ~Ias poured into 
water, extracted .Ii th ether and the ether extracts dried and 
evaporated. The resulting oil after column chromatography 
(eluting with benzene, followed by 10% ether-benzene) gave the 
1013-ethenyl steroid (XLVII) (60a) (5.6 g.). An ethyl acetate 
solution of the steroid (XLVII) was stirred with a 10% palladium 
on charcoal catalyst, in an atmosphere of hydrogen at room 
temperature until the uptake of hydrogen had ceased. The solution 
was filtered and evaporated and the resulting oil,recrystallised 
from acetone-methanol, gave the 19-methyl-steroid (XLVIIIa) 
(5.7 g.), m.p. 86_880 , [a1n-23° (c. 0.60), "'t 4.55 (m, w~ 
"; 
91. 
~. 8 Hz., 6-H). 6.61 (m, W~~. 26 Hz .. 3-H), and 9.31 (s, 
13P-Me) (FOund: ·C, 84.03; H, 11.S6. C2sH480 requires 
C, 83.93; H, 1~08%). 
S,6a-Epoxy-3P-hydroxy-19-methyl-Sa-cholestane (XLVa).-
Epoxidation of the 19-methyl-steroid (XLVIIla) (6.0 g.) gave 
as the sole product, the ,a-epoxide (XLVa) (4.9 g.). m.p. 
74-7So (from methanol), [aln- 43
0 (c. 0.64), \J 3640 
max. 
and~. 3450 (OH) cm. -1, -c. 6.2 (m, W~ ~. 24 Hz., 3-H), 
7.19 (d, J~. 3.1 Hz., 6-H), and 9.3S (s, 13P-Me) (Found: 
C, 81.1; H, 11.3. C28H4802 requires C, 80.7; H, 11.6%). 
3P-Acetoxy-S,6a-epoxy-19-methyl-Sa-cholestane (XLVb).-
The hydroxy-epoxide (XLVa) (2.0 g.) was acetylated and gave 
the acetoxy-a-epoxide (XLVb) (1.5 g.), m.p. 67_680 (from 
methanol). [aln- 40
0 (c. 0.7), 'J 1740 (C=o). and 124S 
max. 
(c-o) cm.-l , ""t 5.2 (m, W~ ~. 26 Hz., 3-H), 7.18 (d, J 
~. 3.1 Hz., 6-H), 8.12 (5, OAc), and 9.37 (5, 13P-Me) 
(Found: C, 78.S; H, 10.6. 
H, 11.0%). 
3P-Methoxy-19-methyl-ch01est-S-ene (XLVIIlb).(60b)_ The 
hydroxy-olefin (XLVIIIa) (SOO mg.) in trimethylorthoformate 
(S ml.) was stirred at room temperature and perchloric acid 
(O.S ml., 60% w/v.) was slowly added. The stirring was continued 
for a further 1S min. and the mixture poured into a sodium 
bicarbonate solution and extracted with ether. The extract was 
dried and the solvent removed to give the methyl-ether (XLVIIIb) 
(450 mg.), m.~. 80_820 (from metrut:nol)'[aln- S1° (c. 0.46» 
92. 
( (60b) 81 8 0 [] 0 lit.) m.p. - 2, IX lID-53 ). 
5,61X-Epoxy-3@-methoxy-19-methyl-51X-cho1estane (XLVc).-
The methoxy-olefin (XLVIllb) (1.8 g.) was epoxidised to 
o give the IX-epoxide (XLVc) (1.8 g.), m.p. 67-68 (from 
methanol), [IX]D- 49.50 (c. 0.6),"\) 1,100 (OMe) cm.-1 , 
max. 
~ 6.55-7.00 (m, 3-H), 6.77 (s, OMe), 7.21 (d, J (app~rent) 
~. 2.5 Hz., 6-H), and 9.35 (s, 13~-Me) (FUund: C, 80.78: 
H, 11.89. C29H5002 requires C, 80.87; H, 11.7%). 
The IX- and @-Epoxides (XLVd) and (XLVe).- The epoxide (XLVa) 
(5.2 g.) was heated under reflux with lithium aluminium hydride 
(4.0 g.) in ether (600 ml.) for 1 hr •.• The mixture was cooled 
and the excess reducing agent removed by the addition of ethyl 
acetate. Work up gave the diol (XLIXa) (3.4 g.) m.p. 
148_1490 (from methanol») [IX]D+ 130 (c. 1.08),·v 
max. 
(CRCl3 ) 3620, 3440 (OH) cm.-
l
, "'C5.95 (m, wt~. 21 Hz., 
3-H), and 9.32 (s, 13~-Me). The diol (XLIXa) (1.0 g.) in 
pyridine (25 ml.) at 100 was treated with methanesu1phonyl 
chloride (1.5 ml.). The mixture was allowed to stand for 
2 hr. at room temperature and then poured into ice. The 
mixture was extracted with ether and the ether extracts 
washed with dilute hydrochloric acid and sodium bicarbonate 
solution. Removal of the solvent gave the mesylate (XLIXb) 
(1.2 g.), an oil, [IX]D+ 130 (c. 0.86), V (thin film) 
max. 
3540 (OH), and 1350, 1175 (8=0) cm.-l,"t5.00 (m, wt~. 
26 Hz.,3-H), 7.05 (5, Me803-), and 9.32 (s, 13~-Me). 
The mesylate (XLIXb) (1.2 g.) was refluxed for 5 hr. in 
a mixture of acetyl chloride (17 m1·.), chloroform (17 ml.) 
93. 
/ and diethylanlline (17 ml.). 'lhe mixture was poured into 
water and extracted with ether. The ether extract was washed 
with sodium bicarbonate solution, dried, and the solvent 
removed. The crude residue was chromatographed on deactivated 
alumina (70 g.) (eluting with petrol and 2% ether-petrol) and 
gave the 3cx-acetoxy-olefin (XLVIIIc) (450 mg.), V 1740 
max. 
(c=<», and 1245 (C-O) cm.-l , -':'4.58 (m, \·/t~. 8 Hz., 6-H), 
5.11 (m, W~~. 9 Hz., 3-H), 8.08 (5, OAc) and 9.29 (5, 13fl-Me). 
The olef:!.n (XLVIIIc) (450 mg.) was epoxidised using monoperphthal1c 
acid for 48 hr. to give a mixture. Preparative t.l.c. [eluting 
(x 2) in benzene-ethyl acetate (19:1») gave 3cx-acetoxY-5,6cx-
-epoxy-19-methyl-5cx-cholestane (XLVd) (ll!l! mg.), a gum, [cx)D-36° 
(c. 1.1), \J 1740 (C=<», and 1245 (C-O) cm.-l , -C 5.14 
max. 
(m, W~ ~. 8 Hz., 3-H), 7.40 (d, J ~. 3 Hz., 6-H), 8.04 
Cs, OAc), 9.39 Cs, 13fl-Me) (Found: C, 78.59; H, 10.88. 
C3QH5003 requires C, 78.55; H, 10.99%),and 3cx-acetoxy-
5,6fl-epoxy-19-methyl-5p-cholestane (XLVe) (168 mg.), m.p. 
70-710 (from methanol), [«)D- 20 (c. 0.84), ~ 
and 1240 (C-O) cm.-)l-c.s.oo (m, w~ ~. 13 Hz., 
max. 
1740 (C=<», 
3-H), 7.31 
(m, W~ ~. 4 Hz., 6-H), 8.06 (s, OAc), and 9.32 Cs, 13fl-Me) 
(Found: C, 78.00; H, 11.08. C3QH5003 c, 78.55; H, 10.99%). 
5,6a-Epoxy-3a-hydroxy-19-methyl-5cx-cholestane (XLVf).- The 
epoXide (XLVd) was hydrolysed and gave the hydroxy-a-epoxide 
(XLVf), m.p. 94_960 (from methanol), [a]D- 570 (c. 0.8), 
..." 3570 (OH) cm. -1, 1:. 6.04 (m, w~ ca. 8 Hz., 3-H), 
max. -
7.00 (5, OH), 7.18 (d, J ~. 2.5 Hz., 6-H), and 9.35 Cs, 13fl-
Me) (Found: C, 80.86; H, 11.94. C2aH4802 requires C, 80.71; 
H, 11.61%). 94. 
5,6~-Epoxy-3a-hydroXY-19-methyl-5~-cholestane (XLVg).-
The acetoxy- ~epoxide (XLVe) was hydrolysed and gave the 
o hydroxy-~-epoxide (XLVg), m.p. 130-131 (from methanol), 
[a]n- 10.So(c. 0.7), V 3640, 3430 (OH) cm. -1 ,'t: 5.91 
max. 
(m, W~ ~. 11 Hz., 3-H), 7.20 (m, W~~. If Hz., 6-H), 7.54 
(s, OH), and 9.32 (s, 13~-Me) (Found: C, SO.71; H, 11.45. 
C2aH4S02 requires C, 80.71; H, 11.61%). 
3@-Acetoxy-5,6~-epoXY-19-methYl-5~-cholestane (XLVh).-
The hydroxy-olefin (XLVIIIa) (2.5 g.) was stirred for 12 hr. 
at room temperature with formic acid (25 ml.) and hydrogen 
peroxide (3 ml. 100 vol.). The mixture was poured into water 
and extracted with ether. The ether extract was washed with 
sodium bicarbonate solution, dried and the solvent removed. 
The crude product Has heated under reflux for 30 min. in 
methanol1c potassium hydroxide (2.5%,160 ml.). The usual 
work up gave the crude triol <-Lp..) (2.3 g.). The triol 
(. LS.) was heated at 1000 for 30 min. w1th toluene-p-sulphonic 
acid (0.7g.) in acetic anhydride (35 ml.). The mixture was 
cooled, poured into water and extracted with ether. TI1e ether 
extracts were washed with sodium bicarbonate solution, dried 
and the solvent removed. This crude triacetate CLc ) was 
heated under reflux for 15 min. in ethanol (113 ml.) containing 
potassium hydroxide (3.42 g.). The usual work up gave a crude 
product which was acetylated. Column chromatography of the 
mixture (eluting \'Iith benzene) gave the pure 5,6~-epoxide (XLVh) 
(1.1 g.), a gum, [a]n 00 (c. 0.71), V 1740 (C=O), and 
max. 
1235 (C-O) cm.-l , l: (CDC13 ) 5.20 (m, W~~. 22 Hz., 3-H), 7.14 
95. 
(m. W~ ~. 4 Hz .• 6-H). 8.02 (s. OAc). and 9.36 (s. ~3~-Me) 
(Found: C. 79.00; H. ~.~. 
H. ~O.m). 
5.6p-EpoXY-3p-hydroxy-~9-methyl-5~-cholestane (XLV1).-
The acetoXY-5.6~-epoxide (XLVh) was hydrolysed and gave 
o the hydroxy-5.6~-epoxide (XLVi). a gumJ[a1D+ 2.~ (c. 0.47), 
V 3630 and ca. 3400 (OH) cm. -1."C6.32 (s, OH). 6.40 
max. -
(m. W!~. 22 Hz •• 3-H), 7.22 (m. W~~. 4 Hz •• 6-H). and 
9.33 (s, ~3~-Ne) (Found: C, 80.70; H. ~.48. C2sH4S02 
requires C. 8o.~; H. ~.6J.%). 
Reaction of 3~-Acetoxy-5.6a-Epoxy-~9-methyl-5a-cholestane (XLVb).-
The epoxide (XLVb) (~.5 g.) was reacted l1ith boron trifluoride 
for ~ min.. Preparative t.l.c. of the resultant mixture 
[eluting with benzene-ethyl acetate {10:~)J gave three 
fractions. '!he least polar was further chromatographed 
[benzene-ethyl acetate {40:1)1 to give 3@-acetoxy-5-formyl-19-
methyl-B-nor-5@-cholestane (LIIa) (~96 mg.). a gum. [a1D 
o 
+ 21 (c. 0.2). \J 2720 (aldehyde C-H). ~740 (acetate 
max. 
c=<». ~720 (aldehyde C=<». and 1235 (C-O) cm.-l , -c. 0.31 
(s. CHO). 5.~ (m. W~~. 13 Hz .. 3-H). 8.04 (s. OAc). and 
9.33 (s. 13~-Me). mass spectrum: no molecular ion. first 
sign1iicant peak possibly :-1..C~4-CHO. (m/e 4o~. 3422. C2f4502 
requires 4O~. 34~9). and 3p-acetoxy-6a.9-epoXY-~9-methyl­
-~{~~ 5)-abeo-5a-cholestane (LIIIa) (45 mg.). m.p. ~~O_~O 
(from methanol). [a1D- 3.6
0 
and U40 {c-o)cm.-~-r:: 5.0 
(c. 0.8). \J 1740 (c=<». 
max. 
(m. w~~. ~3 Hz., 3-H). 
96. 
6.33 (d, J ~. 6 Hz., 6-H), 8.09 (5, OAc), and 9.40 (s, 
13~-Me) (Found: C, 79.02; H, 11.00. 
c, 78.55; H, 10.99%). The remaining tl'IO fractions were 
acety1ated. T.l.c. of the acety1ated middle fraction [in 
benzene-ethyl acetate (40:1)] gave 3~-acetoxy-6~-fluoro­
-5-hydroxy-19-methyl-5a-cho1estane (LIV) (245 mg.), m.p. 
o 0_\ 143-1.'f4 (from acetone-methanol), [a]n- 21 (c. 0.7), v 
3608 and 3440 (OH), 1740 (C=o), and 1720 (e=0) cm.-1 , 
~ 4.90 (m, w~ ~. 20 Hz., 3-H), 5.86 (m, JHF~. 49 Hz., 
6-H), 6.98 (s, OH), 8.03 (5, OAc) and 9.30 (s, 13~-Me) 
max. 
(Found: C, 75.05; H, 10.89. C40H51 003 requires C, 75.28; 
H, 10.74%), and 3p-acetoxy-19-methyl-5~-cho1estan-6-one (LVa) 
(275 mg.), m.p. 115_1160 (from methanol), [a]n-29° (c. 0.7), 
. -1 V 1740 (acetate C=o), 1710 (C=o) and 1230 (C-O) cm. , 
max. 
-r 5.10 (m, \'l~.~. 8 Hz., 3-H), 8.00 (s, OAc), and 9.34 (5, 
13~-r-1e) (Found: C, 78.38; H, 10.78. 
c, 78.55; H, 10.99%), and 3~,6a-diacetoXY-5-ethyl-19-nor­
-5~-cholest-l(10)-ene (LVIa) (56 mg.), a gum, [a]n-23° 
(c. 1.2), 'V 1735 (C=o), and 1230 (C-O) cm.-1 , -c:. 4.73 
max. 
(m, W~oa. 10 Hz., 1-H), 4.9-5.4 (m, 3,6-H), 7.98, and 8.03 
-
(s, 2 x OAc), and 9.30 (s, 1J3-Me). T.1.c. of the acetylated 
most polar fraction [in benzene-ethyl acetate (10:1)] gave 
3@,6a-diacetoXY-5-ethyl-19-nor-5~-cho1est-9(10)-ene (LVIla) 
(224 mg.), a gum, [a]n+ 250 (c. 0.4), ~ 5,300 at 215 n.m., 
\) 1735 (C=o), and 1235 (C-O) cm.-l~4.69-5.23 (m, 3,6-H), 
malt. 
8.00 (s, 2 x OAc), 9.20 (s, 13~-Me), and 9.30 (t, J ~. 7 Hz., 
5~-Et) [Found: M (mass spectrum), 500.3848; c, 77.36; H,10.37. 
97. 
C32H5204 requires ~l, 500.3865; C, 76.75; H, 10.47%1nd a second 
fraction which was separated by t.l.c. on silver nitrate 
impregnated silica (10%) (ben~ene-ethyl acetate (40:1)] to 
give 3~,6a-diacetoXY-5-ethyl-14-methyl-18,19-bisnor-5~, 
8a,9~,10a,14~-cholest-13(17)-ene 
(a]D+ 580 (c. 0.8), \) 1740 
max. 
(LVIIIa) (43 mg.), a gum, 
(C=o) and ]240 (C-O) cm. -1, 
"L..5.O (m, W~~. 10 H~., 3-H), 5.2 (m, "'~ ca. 6 Hz., 6-H), 
8.03,8.09 (s, 2 x OAc), 9.0 and 9.1 (shoulder) (d, C(21) 
H
3
], and 9.11 (s, 14~-Me) (double irradiation 88 Hz., downfield 
caused the C(21)H.:-doub1et to collapse), ~l (mass spectrum) 
:; 
500.3859 (9%) (C32H5204 requires 500.3865), and 3~,6a-diacetoxy­
{l0 )-ene 
19-methyl-1(1~ 5)-abeo-5a-cholest-9 /(LIXa) (47 mg.), a gum, 
(a]D+ 1.50 (c. 0.7), V 1740 (C=o), and ca~ 1235 (C-O) cm.-1 , 
max. -
-C4.9 (m, W~~. 22 Hz., 3-H), 5.2 (m, H-~~. 20 Hz., 6-H), 
8.00 and 8.05 (s, 2 x OAc), and 9.20 (s, 13~-Me), M (mass 
spectrum) 500.3855 (C3~5204 requires 500.3865). 
Treatment of the Fluorohydrin (LIV) with Base.- 'llle fluorohydrin 
(LIV) (150 mg.) \'Ias heated under reflux in methanolic potassium 
hydroxide solution (5%) for 30 min. and poured into water. 
Extraction with ether gave the hydroxy-epoxide (XLVa) (90 mg.), 
identical with an authentic sample. 
5-Ethyl-19-nor-5~-cholest-1(10)-en -3,6-dione (LVIb).-
The diacetate (LVIa) (50 mg.) was hydrolysed to give the diol 
(LVIc) (38 mg.), an amorphous solid, (a]D- 5.50 (c. 0.8), 
-1 \J 3220 (OH) cm. ,-C:: 3.55 (5, 2 x OH, exchangeable 
max. 
with D20), 4.56 (m, W~~. 12 Hz., 1-H), 5.98 (m, W~~. 
14 Hz., ,-H), 6.57 (m, W~ ~. 7 Hz., 6-H), and 9.30 
98. 
(s, 1313-Me), M (mass spectrum) 416.3653 (C2flI4802 requires 
416.3(54). Oxidation of the diol (LVIc) gave the diketone 
, 1 (LVIb) (30 mg.), a gum, V 1725 and 1715 (C=o) cm.- , 
max. 
""t 4.56 (m, w~~. 8 Hz., l-H), and 9.30 (s, 1313-Me). 
Attempted Isomerisation of Diketone (LVIb).- The dike tone 
(LVIb) (10 mg.) 11as heated under reflux in ethanol (1 m!.)' 
with methanol1c potaSSium hydroxide solution (30%, 0.15 ml.), 
for 1 hr •• The mixture was poured into water. Ether 
extraction gave a crude, complex mixture which was not 
investigated further. 
The Diketones (LVIIb), (LVIIIb) and q:.IXb).- The respective 
diacetates were r;ydrolysed and oxidised to give the diketones. 
The diacetate (LVIIa) (40 mg.) gave 5-ethyl-19-nor-513-cholest-
9(10}e n -3,6-dione (LVIIb) (26 mg.), m.p. 101_1020 (from 
methanol), [a1D- 11
0 (c. 0.5), i 5,600 at 215 n.m., \) 
max. 
1725 (C=O) cm.- l , "'C. 9.20 (s, 1313-Me), and 9.46 (t, J~. 
7 Hz., 5jJ-Et) [Found: M (mass spectrum), 412.3355; C, 81.31; 
H, 10.93. C2aH4402 requires M, 412.3341; C, 81.50; H, 10.75%1. 
The diacetate (LVIIIa) (40 mg.) gave 5-ethyl-14-methyl-l8,19-bisnor-
-513,8a,913,10a,14p-cholest-13(17)en -3,6-dione (LVIIIb) (35 mg.), 
a gum, [a1D+ 27°(c. O~), " 1720 (C=O) cm.-l ,"( 9.02 malt. 
(s', 1413-Me and low-field branch C(21 )H5 doublet), 9.10 (s, 
high-field branch C(21)~-doublet and side chain), 9.20 (side 
cha1n), and 9.29 (t, J ~. 7 Hz., 513-Et), M (mass spectrum) 
412.3338 (C2aH4402 requires 412.3341). The d1acetate (LIXa) 
(40 mg.) gave, after preparative t.l.c., 19-methyl-l(10-0, 5)-
-abeo-5a-cholest-9(10)-en -3,6-d1one (LIXb) (17 mg.), m.p. 102_1040 
99. 
(from methanol), [a]n- 920 (c. 0.)4), \J 1752 (3, C=O), and max. 
1715 (6, C=O) cm.-1 ,-r: 9.21 (s, 13~-Me) (FOund: C, 81.24; 
H, 11.05. C28H4402 requires C, 81.50; H, 10.75%). 
The '2( -Lactone (LXI).- The aldehyde (LIra) (75 mg.) in 
o (20) 
acetone (6 ml.) at 0 was treated with Jones reagent 
(0.75 ml.) and set aside for 3 hr •• The mixture was poured 
into water and extracted with ether to give a carboxylic 
acid which was hydrolysed to give the hydroxy-car~y1!c 
-1 
acid (LXa), V 3600,2500 (OH), and 1710 (C=o) cm •• 
max. 
A solution of the hydroxy-acid (LXa) was heated under reflux 
for 15 min. in benzene containing a trace of toluene-p-sulphonic 
acid, washed with sodium bicarbonate solution, dried and evaporated 
to give 3a,5-methano-19-methyl-4-oxa-A-homo-~nor-5a-cholestan-
4a-one (LXI) (60 mg.), m.p. 132-1330 (from methanol), [a)n+ 
o . 80) -1 1 19 (c. 0.7), \J 17 (C=O cm. , -e 5.5 (m, W2"~' 8 
max. 
Hz., 3-H), and 9.35 (s, 13~-Me) [FOund:M{mass spectrum) 414.3495; 
c, 81.48; H, 11.42. C28H4~2 requires /,1, 414.3498; C, 81.10; 
H, 11.18%). 
The Hydroxy-Ester (LXb).- The ~ -lactone (LXI) (35 mg.) was 
heated under reflux for 6 hr. in methano1ic Potassium hydroxide 
solution (10%). The mixture was poured into water, extracted 
with ether, and the extract dried and evaporated. The crude 
o 
residue in ether at 0 C,was treated with an excess of'diazomethane 
for 15 min.. Acetic acid was added and the solvent removed 
to give, after preparative t.l.c., the hydroxy-ester (LXb) 
(14 mg.), a gum, 'J 3450 (OH), and 1700 (C=o) cm. -1, 
rnax. 
1: 6.2-6.42 (rn, 3-H), 6.29 (s,-coDMe), and 9.33 (s, 13~-Me). 
100. 
The same ester was obtained directly from the hydroxy-acid 
(LXa) using diazomethane in ether (as shown by t.l.c. and 
1 H n.m.r. spectroscopy). 
6a. 9-Epoxy-3@-hydroxy -19-methyl-l (1~ 5 )-abeo-5a-cholesta.'1e 
(LIIIb).- The acetate (LIIIa) was hydrolysed to give the 
alcohol (LIIIb). m.p. 56_58°and 1040 (from methanol). 
[a1D+ 5.5°(c. 0.75). ~ 3600 and 3430 (OH) cm.-l • ~ max. 
(100 M.Hz., CDC13 ) 5.71 (m. W~ 2!.. 14 Hz., 3-H). 6.23 (d, 
J ~. 6 Hz., 6-H), and 9.37 (s. 13~-Me) (Found: C, 80.84; 
H, 1l.62. C2gli4802 requires C, 80.71; H, 11.61%). 
6a,9-Epoxy-19-methyl-1(1~5)-abeo-5a-cholestan-3-one (LIIIc).-
The alcohol (LIIIb) (25 mg.) was oxidised to give the ketone 
(LIIIc) (20 mg.), an amorphous Solidl[a1D 0
0 (c. 0.42), 
'V 1740 (C=<l) cm. -1, -c. 6.10 (d, J ~. 6 Hz., 6-H) and 
max. 
9.38 (s, 13~-Me), M (mass spectrum) 414.3501 (C2gH4~ requires 
414.3498). 
The Reaction of 3~-Acetoxy-6a,9-epoxy';'19-.methyl-1(1~ 5)-
abeo-5a-cholestane (LIIIa) with Boron Trifluoride in Acetic ... : 
Anhydride.- The ether (LIIIa) (62 mg.) as a solution in ether 
(1.6 ml.) and acetic anhydride (2.6 ml.) at 00 was treated 
with boron trifluoride etherate (0.36 ml.) for 2 hr •• The 
mixture was poured into dilute sodium hydroxide solution (2N.). 
ether extracted, washed with dilute hydrochloric acid (2N.) and 
sodium bicarbonate solution, dried and the solvent removed to 
give 3~,6a-diacetoxy-14,19-dimethyl-1(1D-7 5)-abeo-18-nor-
5a,8a,9~,14~-cholest-13(17)-ene (LAVa) (68 mg.), a gum, 
101. 
[aJ + 370 (c. 1.1), V 1740 (C=<» and 1245 (C-O) D max. 
-1 
cm. • 
1:: 5.00 (m, H~~. 15 Hz., 3-H), 5.34 (m, wt ca. 7 Hz., 6-H), 
8.00 and 8.05 (s, 2 x OAc), 8.98 and ~. 9.09 ( C(21)H3--
doublet), 9.12 and 9.21 (side chain methyls), and 9.18 (s, 
14~-Me ). 
3~,6a-DihydroXY-14,19-dimethyl-l(1~ 5)-abeo-18-nor-
5a,8a,9~,14p-cholest-13(17)-ene (LXVb).- Hydrolysis of the 
diacetate (LJC\7a) gave the ~ (LXVb), a gum, [aJD+ 41 Q 
(c. 0.9), \J 3640 and ca. 3380 (OH) cm.-l,~ 5.78 
max. -
(m, W~~. 17 Hz., 3-H), 6.65 (m, wt~. 6 Hz., 6-H), 8.98 
and ~. 9.10 (C(21)H)"doublet), 9.10 and 9.20 (side chain 
methyls), and 9.17 (s, 14p-Me), M (mass spectrum) 416.3657 
(C2sH4802 re9u1res 416.3654). 
14,19-Dimethyl-l(1Q-? 5)-abeo-18-nor-5a,8a,9P,14p-cholest .. 
13(17)-en -3,6-dione (LJC\7c).- Oxidation of the diol (LXVb) 
(62 mg.) gave the dike tone (LJC\7c) (45 mg.), a gum, [aJD+ 
91.5°(c. 0.45), \J 1750 and 1715 (3,6-c=o) cm. -1, 
max. 
l:. 9.01 and 9.09 (C(21)~doublet), 9.09 and 9.20 (side chain 
methyls) and 9.12 (s, 14p-Me), M (mass spectrum) 412.3335 
(C2sH4402 requires 412.3341). 
3@,6a-Dihydroxy-14,19-dimethyl-l(1~ 5)-abeo-18-nor-13,17-
seco-5a,8a,9@,14@-cholestan-13,17-d1one (LXVIlc).- The 
diacetate (LJC\7a) (50 mg.) in ether (3 ml.) and pyridine 
(2 ml.) was reacted with osmium tetroxide (100 mg.) for 3 
days. The mixture was diluted with chloroform, saturated 
with hydrogen sulphide, and passed through a short alumina 
102. 
column. Removal of the solvent gave the diol (LXVI). a gum, 
'V 3640, and ~. 3500 (OH), 1740 (C=O)land 1240 (C-O) 
max. 
cm. -l, '"'t: 4.97 (m, W~~. 14 Hz •• 3-H), 5.33 (m. wt ~. 
6 Hz., 6-H), 7.98 and 8.06 (s, 2 x OAc), and 9.16 (s, 14~-Me), 
M (mass spectrum) 534. 3904 (C32H5406 requires 534.3920). 
The diol was treated with periodic acid (20 mg.) in ether (4 ml.) 
at room temperature for 2 hr.. The solution was diluted with 
ether and washed with sodium sulphite solution. Removal of 
the solvent and preparative t.l.c. [benzene-ethyl acetate 
(3:1») gave the diketon€l (LXVIla) (22 mg.), a gum, V 
max. 
8 -1 1745 (acetate C=O), 171 (C=o) and 1240 (C-O) cm. , 
'1:.4.97 (m, wt ~. 15 Hz., 3-H), 5.29 (m, wt ~. 5 Hz., 6-H), 
8.02 and 8.07 (5, 2x OAc), 8.94 and 9.05 (C(21)~-doublet), 
and 9.01 (5, 14~-Me). The diacetate (LXVIla) in methanol 
(2.5 ml.) was stirred at room temperature for 45 min. with 
potassium carbonate (25 mg.) to give the monoacetate (LXVIlb) 
a sum, \) max. 3640 and 3480 (OH), 1740 (acetate C=O), 1718 
(C=<», and 1245 (C-O) cm.-l ,\:.5.31 (m, wt~. 6 Hz., 6-H). 
5.75 (rn, wt ~. 12 Hz., 3-H), 8.00 (5, OAc), 8.92 and 9.03 
(C(21 )H:f doublet), and 9.01 (s, 14~-1.1e). Extended treatment 
of the mono-acetate (LXVIlb) with potassium carbonate for 
20 hr., as above, gave on work up and preparative t.l.c. 
[benzene-ethylacetate (1:1») the ~ (LXVIlc) (7 mg.), a 
sum, \) 3640 and 3460 (OH), and 1710 (C=O) crn.-l , 
max. 
L 5.80 (rn, I-It~. 14 Hz •• 3-H), 6.55 (m, wt ~. 6 Hz •• 
6-H), 8.91 and 9.04 (C(21)H3"doublet), 9.04 (s. 14~-Me) 
103. 
and 9.10 and 9.:19 (side chain methy1s) (double irradiation 
88 Hz. downfie1d caused the C(21)H:rdoub1et to collapse to 
a shoulder on the 14~-Me signal), M (mass spectrum) 448.3558 
(C2aH4802 requires 448.3552). 
The Reaction of the Ether (LIIIb) with Boron Trifluoride in 
Acetic Anhydride and Acetic Acid.- The ether (LIllb) (200 mg.) 
in acetic acid (7 m1.) and acetic anhydride (1 ml.) was treated 
o 
with boron trifluoride etherate (1 m1.) for 2 hr. at O. The 
reaction mixture was worked up as previously described. 
Preparative t.l.c. [in benzene-ethyl acetate (40:1)] of 
the mixture gave the 613,17_compound (LlCVa) (93 mg.) and 
the slightly impure 69,11_compound (LlCVIIIa) (112 mg.), 
-1 (C=O) and 1240 (C-O) cm. ) -r:4.74 (m, a gum, V 1740 
max. 
w~~. 6 Hz., 11-H), 4.85-5.25 (m, 3,6-H), 8.00 and 8.09 (s, 
2 x OAc), and 9.38 (s, 13~-Me). 
19-Methy1-1(1~ 5)-abeo-5a-cholest-9(11)-en -3,6-dione. 
(LlCVIIIc). - The diaceta te (LlCVIIIa) was hydrolysed and gave, 
after preparative t.l.c., 3p,6a-dihydroxy-19-methyl-1(107 5)-
abeo-5a-cholest-9(11)-ene (LlCVIllb), m.p. 164-1650 (from 
methanol), [a)n+ 290 (c. 0.9), \J 3640 and 3380 (OH) 
max. 
-1 (1 cm. ,'l:,4.79 m, w~~. 7 Hz., 11-H), 6.1-6.7 (m, 3,6-H), and 
9.38 (s, 13~-~1e) (Found: C, 80.92; H, 12.05. C2aH4802 requires 
C, 80.71; H, 11.61%). The diol (LlCVIIIb) (25 mg.) was oxidised 
o to the diketone (LlCVIllc) (23 mg.), m.p. 109-111 (from methanol), 
o ·1" [a]n+ 35 (c. 0.46), V 1755 (3 C=O) and 1715 (6 C=O) cm.- , 
max. 
--c (100 M.Hz., CDC13 ) 4.44 (m, W!~. 8 Hz., 11-H), and 9.30 
104. 
(s, 131l-Me) [Found: M (mass spectrum) 412;3345; C, 82.25; 
H, 11.60. C2sH4402 requires 412.3341; C, 81.50; H, 10.75%J. 
3@,6a-Diacetoxy-19-methyl-1{10 ~ 5)-abeo-5a-cho1est-9(11)-en-12-
-one (LXIX).- The diacetate (LXVIIIa) (87 mg.) was dissolved 
in dioxan (3 ml.) and water (0.6 ml.). Calcium carbonate 
(40 mg.) and N-bromosuccinimide (liO mg.) were added. The 
mixture was stirred and irradiated \'li th a tungsten lamp 
at room temperature for 1 hr •• The mixture 11as poured into 
water, extracted with ether, and the ether extracts washed 
with sodium-bicarbonate solution. Removal of the solvent 
and preparative t.l.c. [benzene-ethyl acetate (19:1) J gave 
the a,ll-enone (LXIX) (30 mg.), a gum, [aJD+ 63.5
0 (c, 0.5), 
A 237 n.m., t. 11,100, V 1740 (acetate C=O), 1685 
max. mu. 
-1 (12-C=O), and 1240 (C-O) cm. ) ~ (lOO M.Hz., CDC13 ) 4.35 
(d, J ~. 2 Hz., li-H), 4.80-5.12 (m, 3,6-H), 8.92 and 8.99 
(s, 2 x OAc), and 9.18 (s, 131l-Me), M (mass spectrum) 514.3623 
(C32H5005 requires 514.3658). 
Attempted Isomerisation of the Compounds (LIXb), (LXVIIIc) and 
(LVIIa) • - The ole fin (LVIIa) remained unchanged when treated 
with boron trifluoride in benzene for 24 hr. at room 
temperature. The olefins (LIXb) and (LXVIIIc) remained 
unchanged when treated with hydrogen bromide/acetiC acid at 
95
0 f 6 i (22,70) or m n •• 
Reaction of 5,6a-Epoxy-3@-hydroxy-19-methyl-5a-cho1estane 
(XLVa).- The epoxide (XLVa) (2.0 g.) 11as reacted with boron 
trifluoride for 2 min ... Preparative t.l.c. of the reaction 
mixture [in benzene-ethyl acetate (3:1») gave four fractions. 
105. 
TWo polar fractions were acetylated and further t.l.c. gave 
the spiran (LIXa) (79 mg.), the Westphalen derivative 
(LVIla) (135 mg.), the ketone (LVa) (275 mg.) and the 
1 10 l'\.' -compound (LVIa) (100 mg.). 'llle third fraction gave 
the ether (LIIIb) (208 mg.). The fourth· fraction (500 mg.) 
was inseparable. 
Reactlon of 5,6a-Epoxy-3@-methoxy-19-methyl-5a-cholestane (xrNc).-
The epoxide (XLVc) (1.6 g.) was reacted with boron trifluoride 
for 5 min •• Preparative t.1.c. of the reaction mixture [in 
benzene-ethyl acetate (19:1») gave four fractions. TWo 
polar fractions were acet¥lated and further t.l.c. [in benzene-
ethyl acetate (30:1») gave 6a-acetoxy-3@-methoxy-19-methyl-l(10 
~ 5)-abeo-5a-cholest-9(10)-ene (LIXc) (133 mg.), a gum, 
[a)D+ 190 (c. 1.3),,,) 2825, 1095 (OMe), 1740 (C=O), and 
max. 
1240 (C-O) cm. -1,,;:. 5.34 (q, J (apparent) ~. 12 and 4 Hz., 
6-H), 6.30 (rn, vl~~. 10 Hz., 3-H), 6.83 (s, Or·le), 8.06 (s,OAc), 
and 9.23 (s, 13~-Me), M (mass spectrum) 472.3912 (C31H5203 
requires 472.3916), 6a-acetoxy-3~-methoXY-5-ethyl-19-nor-
5~-cholest-9(10)-ene (LVIlc) (48 mg.), a gum, [a)D+ 400 
(c. 0.81), \) 2825, 1090 (OMe), 1740 (C=o) and 1245 (C-O) 
max. 
-1 , ( cm. , -c. 5.1'1 q, J (apparent) ~. 12 and 4 Hz., 6-H), 6.53 
(m, W~ ~. 10 Hz., 3-H), 6.77 (5, O¥.e), 8.05 (5, OAc), 9.22 
(5, l3~-Me) and 9.37 (t, J~. 7 Hz., 5~-Et), M (mass spectrum) 
472.3899 (C31H5203 requires 472.3916), and 3f3-methoxy-19-
methyl-5~-cholestan-6-one (LVb) (224 mg.), m.p. 94-94.50 
(from methanol), [a)D-44° (c. 0.66), 'V 2830, 1090 
max. 
(OMe) and 1710 (C=o) cm. -1, L. 6.62 (m, W~ ~. 8 Hz. ,3-H), 
106. 
6.79 (s; 0Me), and 9.35 (s, 13~-Me) (Found: C, 80.86; 
H, 11.72. c2:JI5002 requires C, 80.87; H, 11.71%). The 
third fraction gave 6a,9-epoxy-3~-methoxy-19-methyl-l(1~ 5)-
-abeo-5a-cholestane (LIlld) (254 mg.), m.p. 87_880 (from 
methanol), [a]n+ 
;;'1 
cm. ,"C. 6.32 (d, 
4.6°(c. 0.72), 'V . 2825, 1100 (OMe) 
max. 
J (apparent) ~. 6 Hz., 3,6-H), 6.77 
(s, OMe), and 9.32 (s, 13~-Me) (Found: C, 81.03; H, 11.71. 
C2:JI5002 requires C, 80 .87; H, 11.7i». The fourth fraction 
(284 mg.) was inseparable. 
Reaction of the Spiran (LIXc) with Boron Trifluoride in Acetic 
Anhydride.- The spiro-compound (LIXc) (65 mg.) in acetic 
o 
anhydride (2.6 ml.) and ether (1.6 ml.) at 0 \'Ias treated 
\'11 th boron trifluoride etherate (0.36 ml.) for 1 hr •• The 
usual work up, followed by preparative t.l~c., gave the 
diacetate (LIXa) (20 mg.). The diacetate (LIXa) was 
hydrolysed and oxidised to give the dike tone (LIXb). Both 
compounds were identical in.all respects to those previously 
obtained. 
The Ketone (LVIld).- The acetate (LVIlc) (20 ms.) was hydrolysed 
and oxidised to give the ketone (LVIld) (10 mg.), a gum, 
[a]n- 400 (c. 0.2), \) 2830 (OMe), 1720 (C=O) cm.-1 , 
max. 
~6.4-~. 6.75 (m, 3-H), 6.75 (s, OMe), 9.25 (s, 13~-Me), and 
(60a) 0) 9.49 (t, J~. 7 Hz., 5~-Et) (lit., [al
n
- 41 • 
Reaction of the Ether (LIIId) with Boron Trifluoride in Acetic 
Anhydride.- The ether (LIIId) (65 mg.) \·ras reacted as above 
for 12 hr.. Work up and preparative t.l.c. gave the diacetate 
(LXVd) (15 mg.), a gum, -r:::. 4.67-5.18 (m, 3,6-H), 7.98 and 
107. 
8.02 (s, 2 x OAc), 9.03 (d, J ~. 7 Hz., C(21)H3), and 9.17 
(s, 14~-11e). Hydrolysis of the diacetate (LXVd) gave the diol 
(LXVe), a gum, -1::5.79 (m, w~ ca20 Hz., 3-H), 6.27 (m, 
w-! ~. 8 Hz., 6-H), 9.00 (low-field branch C(21)H3 doublet ). 
9.10 (high-field branch of C(21)~ doublet and side chain), 
9.16 (s, 14~-Me), and 9.20 (side chain). Oxidation of the 
diol gave the diketone (LXVc). This was identical in all 
respects to the authentic sample. 
Reaction of 3@-Acetoxy-5,6~-epoxy-19-methyl-5~-cholestane (XLVh).-
The epoxide (XLVh) (400 mg.) was reacted with boron trifluoride 
for 5 min.. Preparative t .1.c. of the product mixture [eluting 
(x 2) in benzene-ethyl acetate (19:1)] gave 3~-acetoxy-6@­
hydroxy-5-ethyl-14-methyl-18,19-bisnor-5@,8a,9@,lOa,14@-
- 0 
cholest-13(17)-ene (LVIIIc) (64 mg.), a gum, [a]n+ 16 (c. 1.3), 
V 3640 and ca. 3500 (OH), 1740 (C=<», and 1245 (C-O) 
rnax. - . 
cm.-l, l: 4.97 (m, w~~. 8 Hz., 3-H), 6.75 (m, W-!~. 24 Hz., 
6-H), 8.03 (s, OAc), 9.00 (lower branch C(21)~-doublet), 9.06 
(s, 14~-Me), 9.09, shoulder and 9.10 (side chain and upper 
branch C(21)H5 doublet). and 9.20 (side chain) (double 
irradiation 88 Hz. downfield caused the C(21)H5doublet to 
collapse), M (mass spectrum) 458.3775 (C30~03 requires 
458.3760), 3~-acetoxy-19-methyl-5a-cholestan-6-one (LVc) 
(20 mg.), m.p. 1120 (from methanol), [a]n- 60 (c. 0.4), 
V max. 1740 (acetate C=o), 1720 (C=o), and 1240 (C-O) 
-1 1 
cm. ,-r::~. 5.0 (m, W2~' 18 Hz., 3-H), 8.06 (s, OAc), and 
9.31 (s, 13~-Me) (Fb~: C. 78.86; H, 10.70. C30H5003 
requires C, 78.55; H. 10.99%) and the aldehyde (LIIa) (135 mg.). 
108. 
A further fraction (58 mg.) was an inseparable mixture. 
The Diketone (LVIIIb).- The hydroxy-acetate (LVIIIc) (60 mg.) 
was hydrolysed and oxidised. Preparative t.l.c. of the 
product gave the diketone (LVIIIb) (23 mg.) which was identical 
with that obtained previously. 
The ¥ -Lactone (LXI). - The aldehyde (LIIa) (130 mg.) was 
oxidised and hydrolysed as described previously to give the 
hydroxy-acid (LXa). This was heated under reflux in benzene 
containing a trace of toluene-p-sulphonic acid to give the 
'6 -lactone (LXI) (l_05 mg.). Both the aldehyde (LIIa) 
and the lactone (LXI) were identical with the authentic 
samples. 
Reaction of 5,6@-EpoXY-3~-hydroxy-19-methyl-5~-cholestane 
(XLVi).- The epoxide (XLVi) (400 mg.) was reacted with boron 
trifluoride for 5 min. to give a mixture, from which no 
identifiable products were isolated. 
Reaction of 3a-Acetoxy-5,6a-epoxy-19-methyl-5a-cholestane 
(XLVd).- The epoxide (XLVd) (600 mg.) was reacted with boron 
trifluoride for 5 min ••. Preparative t.l.c. of the resultant 
mixture [eluting (x2) in benzene-ethyl acetate (30:1)J gave 
3a-acetoxy-6a-hydroXY-5-ethyl-19-nor-5~-cholest-9(10)-ene 
o 0 (LVIIe) (258 mg.), m.p. 131-132 (from methanol). [a]D 0 
(c. 0.74), t 7,400 at 215 n.m., -J 3610 and 3460 (OH), 
max. 
1730 (C=O), and 1245 (C-O) cm. -1, ""t. 4.82 (m, W~~. 2l Hz., 
3-H), 6.37 (m, W~~. 18 Hz., 6-H), 8.06 (s, OAc), 9.23 (s, 
13~-Me) and 9.33 (t, J ~. 7 Hz., 5~-Et) (Found: C, 78.69; 
H, 10.89. C30H5003 requires C, 78.55; H, 10.99%), 
109. 
3a-acetoxy-6a-hydroxy-5-ethyl-14-metbyl-18,19-bisnor-5~,8a,9~,lOa, 
14@-cholest-13(17)-ene. (LVIIId) (126 lUg.), a gum, [a]D + 
39.50 (c. 0.86), V 3400 (OH), 1730 (C=O), and 1245 (C-O) 
maX • . 
cm. -l, t::: 5.15 (m, broad, 3-H), 6.29 (m, vl~ ~. 8 Hz., 6-H), 
8.03 (s, OAc), 9.00-9.11 (C(21)H)idoublet), 9.11-9.20 (side 
chain methyls), and 9.11 (14~-Me) (double irradiation 88 Hz., 
downfield caused the C(21)H~doublet to collapse), M (mass 
spectrum) 458.3764 (SoH5003 requires 458.3760), 
3a-acetoxy-19-methyl-5~-cholestan-6-one (LVd) (168 lUg.), m.p. 
93-93.50 (from methanol), [alD- 14.5
0 (c. 1.1), V max. 
1740 (acetate C=<», 1710 (C=O), and 1235 (C-O) cm.-1, -C 5.39 
(m, W~.£!!.. 24 Hz., 3-H), 8.06 (s, OAc)~ and 9.35 (s, 13f3-Me) 
(Found: C, 78.711; H, 10.82. C30H5003 requires C, 78.55; 
H, 10.99%) and 3a-acetoxy-5-formyl-19-methyl-B-nor-5f3-cholestane 
(LIIb) (17 mg.), a gum, \j 
C=<», 1720 (aldehyde C=<», 
max. 
2700 (CHO), 1740 (acetate 
-1 
and 1240 (C-O) cm. ,1:. 0.27 
(s, CHO), 5.00 (m, \,J~.£!!.. 24 Hz., 3-H), 8.06 (s, OAc), and 
9.33 (s, 13f3-1~e), M (mass spectrum) 458.3767 (C30~003 
requires 458.3760). 
The Diketones (LVIIb) and (LVIIIb).- The hydroxy-acetates 
(LVIIe) and (LVIIId ) were hydrolysed and oxidised. The compound 
(LVIIe) gave the diketone (LVIIb) and the compound (LVlIId) 
gave the diketone (LVIIIb). Both dike tones were identical with 
their respective authentic samples. 
The )f -Lactone (LXI). - The aldehyde (LIIb) (17 mg.) in 
acetone (2 ml.) at 0 0 was treated with Jones reagent(20) 
110. 
(O.OS ml.) for :5 hr.. The mixture was poured into water. The 
. \-las 
usual work up gave a crude product which/hydrolysed. This 
latter product (LXc) was heated under reflux in benzene 
containing a trace of toluene-p-sulphonic acid for 3D min •• 
The solution ~/aS washed with sodium bicarbonate solution, 
dried and the solvent removed. Preparative t.l.c. of the 
mixture [in benzene-ethyl acetate. (10:1)] gave the ~ -lactone 
(LXI) (2.5 mg.), m.p. 127-1290 (from methanol). This sample 
was identical \'li th an authentic sample of the ~ -lactone 
(LXI) (by t.l.c., i.r. spectrum, and mixed m.p. 127-129°). 
Reaction of 5,6a-Epoxy-:5a-hydroxy-19-methyl-5a-cholestane (XLVf).-
The epoxide (XLVf) (600 mg.) was reacted with boron trinuoride 
for 2 min.. '1lle crude reaction mixture was separated into 
four fractions by preparative t.l.c. [in ether-petrol (9:11)]. 
These fractions were acetylated and further preparative t.l.c. 
gave :5a,6a-diacetoxy-5-ethyl-19-nor-5~-cholest-9(10)-ene (LVIIf) 
(63 mg.), a gum, [a]D+ 32\)(c. 0.68), €. 6,750 at 215 n.m., 
V 1740 (C=o), and 1240 (C-O) cm.-I, -c..4.60-S.23 (m, 3,6-H), max, 
8.00 and 8.04 (s, 2 x OAc), 9.21 (s, lJ~-Me) and 9.31 (t, J ca. 
7 Hz., S~-Et) (Fbund: C, 76.2S; H, 10.36. C32HS204 requires 
C, 76.75; H, 10.47%), the ketone (LVd) (64 mg.), 3a-acetoxy-
-6a, 9-e poxy -19-methyl-l (1~ 5 )-abe 0-5a-cholestane (LIIIe) 
(70 mg.), a gum, [a]D+ 1~ (c. 0.62), ~ 1740 (C=O), 
max. 
and 1245 (C-O) cm.-l , 1:.5.01 (m, W!~. 17 Hz., 3-H), 6.18 
(d, J (apparent) ~. 6 Hz., 6-H), 8.09 (s, OAc), and 9.40 
(s, 13~-Me) (Fbund: C, 78.81; H, 10.70. C3DHS003 requires 
C, 78.S5; H, 10.99%), and two further fractions. These 
lll. 
fractions were ~ydrolysed and oxidised and further t.l.c. 
gave the diketone (LIXb) (30 mg.) and 3a,10-epoXY-5-ethyl-
-19-nor-5~,10a-cholestan-6-one (LXX) (26 mg.), a gum, 
o -1 [a)n+ 21 (c. 0.5), 'V 1720 (C=<» cm. , -z:: 5.75 (rn, 
max. 
wt~. 14 Hz., 3-H), and 9.28 (s, 13~-Me), M (mass spectrum) 
414.:;494 (C2aH4602 requires 414.:;498). 
The Ketones (LVIlb) ~ (LIIIc) .-The acetoxy-compounds 
(LVIIf) and (LIIIe) were hydrolysed and oxidised. The 
compound (LVIlf) gave the diketone (LVIlb) which was 
identical with the authentic sample. The compound (LIIIe) 
gave the keto-ether (LIIIe), which l'las identical with the 
authentic sample. 
Treatment of the Ether (LXX) with Boron Trifluoride.- The 
ether (LXX) (25 mg.) as a solution in benzene (5%) was 
treated with boron trifluoride (~. 0.05 ml.) for 30 min. at 
room temperature. The usual work up gave a single product 
which was oXidised to give the diketone (LVIlb) (25 mg.). 
This sample l'las identical in all respects to the authentic 
sample. 
Reaction of 3a-AcetoXY-5,6~-epoxy-19-methyl-5~-cholestane 
(JUNe) • - The epoxide (XLVe) (320 mg.) was reacted with boron 
trifluoride for 12 hr.. The resultant mixture was acetylated 
and preparative t.l.c. [in 'benzene-ethyl acetate (10:1») 
gave 3a-acetoxy-19-methyl-5a-cholestan-6-one (LVe) (2l3 mg.), 
a gum, [a)n-4° (c. 1.2), \) 1745 (acetate C=<», 1720 (C=<» 
1 max. 8 Hz.. . 
and 1240 (C-O) cm.- ,1:4.95 (m, wt ~/3-H), 8.04 (s, OAc), and 
ll2. 
9.30 (s, 1313-r.1e) (Found: C, 78.20; H, 10.84. C
30
H
50
0
3 
requires C, 78.55; H, 10.99%) and 31X,5,61l-triacetoxy-19-methyl-
o 
-51X-cholestane (LXXIV) (40 mg.), a gum, [IX]O- 45.5 (c. 0.8), 
\) 1750 (C=O), and ca. 1240 (C-O) cm. -1, --r: 4.34 (m, W~ ca. 
rnax. - -
5 Hz., 6-H), 1~.90 (m, w~ ~. 10 Hz., 3-H), 8.01 (s, 2 x OAc), 
8.09 (s, OAc), and 9.29 Cs, 131l-Me); mass spectrum: no 
molecular ion, .the first significant peak possibly [M-2 moles 
HOAc] 440.3676 (C30H4802 requires 440.3654). 
Reaction of 5,6@-Epoxy-31X-hydroxy-19-methyl-5p-cholestane 
(XINg).- The epoxide (XLVg) (330 mg.) was treated with 
boron trifluoride for 2 min.. The resultant mixture could 
not be separated. 
5,61X-Epoxy-31l-hydroxy-19-methylene-5a-cholestane (LXXXIVa).-
'!he diene (XLVII) (60a) (2.2 g.) was epoxidised to give the 
hydroxy-epoxide (LXlCXIVa) (2.35 g.), a gum, [IX]O- 55° 
(c. 0.8), \) 3630 and 3380 (OH) and 3090, 1640, and 920 
max. 
(CH2=CHR) cm.-
l
,"'"(' 4.1-5.2 (m, -CH=CH2 ), 6.35 (m, W~~. 25 Hz., 
3-H), 6.82 Cs, OH), 7.12 (d, J (apparent) ~. 3.5 Hz., 6-H), 
and 9.49 Cs, 131l-Me) (Found: C, 81.21; H, 10.96. C2sH4~2 
requires C, 81.10; H, 11.18%). 
3@-Acetoxy-5,61X-epoxy-19-methylene-51X-cholestane {LXXXIVb)(74~_ 
Acetylation of the hydroxy-epoxide (LXlCXIVa) (2.35 g.) gave 
o the acetoxy-epoxide (LXXXIVb) (2.1 g.), m.p. 75-76 (from 
methanol), [IX]O- 55° {c. 0.83),L:4.00-5.60 (m,-CH=CH2 
and 3-H), 7.11 Cd, J (apparent) ~. 4 Hz., 6-H), 8.10 
Cs, OAc), and 9.48 Cs, 131l-Me) (l1t.~74) m.p. 77°, [a]D-53°). 
113. 
S,6a-Epoxy-3@-methoxy-19-methy1ene-sa-cho1estane (IJOOCrVc).-
The hydroxy-diene (XLVII)(60a) (1.1 g.) as a solution in 
trimethy10rthoformate (11 ml.) was treated with perchloric 
acid (1.1 ml. 60% w/v.) at room temperature for lS min .. 
The mixture l'las poured into sodium bicarbonate solution and 
extracted with ether. The ether extract was dried and the 
solvent removed. The crude product was epoxidised to give 
o the a-epoxide (IJOOCrVc) (l.lS g.), m.p. 81-88 (from methanol), 
[a)n- 63.S0(c. 0.11), V 2830 (OMe), 3090 and 920 
max. 
-1 ~ (~= CHR) cm. ,,; 4.04-S.20 (m, -CH=CH2 ), 6.69 (m, W2~' 
21 Hz., 3-H), 6.81 (s, OMe), 1.14 (d, J (apparent) ~. 4 Hz., 
6-H) and 9.49 (s, 13~-Me) (Fbund: C, 81.31; H, 11.38. 
C2cj14802 requires C, 81.2S; H, 1l.2~). 
Reaction of 3~-Acetoxy-s,6a-epoxy-19-methylene-5a-cholestane 
(LXXXIVb).- The epoxide (LXXXIVb) (2 e.) was treated with 
boron tr1fluoride for S min •• Preparative t.l.c. of the 
resultant mixture [in benzene-ethyl acetate (25:1)J gave the 
dimeric ether (LXXXVI) (430 mg.), m.p. 171-1130 (from 
methanol), [a)n+ 10.5°(c. 2.1), " 3610, 3450 (OH), 
max. 
1140, 1120 (C=o), 124S (C-O) and 3080 and 91S (CH2=CHR) cm.-
l
, 
1:(100 M,Hz., CDC13 ) 2.8-4.1 (m, (x 2) RCH~), 4.5-5.4 
(m, (x 2) ~C = CH2 and (x 2)-CHOCOR), 6.10 (m, W~~. 13 Hz., 
(x 2) -CHOR), 8.00 (s, OAc), 8.09 (s, OAc), 9.02 and 9.09 
(C(21)Hrdoublet) 9~10/9.12 and 9.18/9.20 [(x 2) side chain 
doublets), 9.18 (s, 14~-Me), and 9.46 (s, 13~-Me) (double 
irradiation 141 Hz. downfield caused the C(21)~doublet 
114. 
to collapse [FOund: M.W. 882 (osmometry) C, 78.29; H, 10.74. 
C60H9606 requires M.W. 912; C, 78.89; H, 10.59%), and a 
second fraction. Further t.l.c. of this fraction [eluting 
(x 2) in benzene-ethyl acetate (40:1») gave 3~-acetoxy-6@­
-fluoro-5-hydroxy-19-methylene-5a-cholestane (LXXXVIIa) 
(780 mg.), m.p. 1630 (from methanol), [a)D+ 15.5°(c. 0.75), 
V 3610, 3450 (OH), 1740, 1720 (acetate C=O), ca. 1250 
max. --
( -1 C-O) and 3090 and 920 (C~=CHR) cm. ,l. 3.35-4.00 (m, X 
part of ABX, CH2=CHR), 4.40-5.4 (m, 3-H amI A B part of ABX, 
CH2=CHR), 5.70 (m, J~. 48 Hz., 6-H), 6.60 (s, OH),-8.02 
(5, OAc), and 9.41 (5, 13~-Me) (Found: C, 76.02; H, 10.62. 
C30H49F03 :'equires C, 76.50; H, 10.36~~), and the epoxide 
(LXXXIVb) (360 mg.). 
Treatment of the Fluorohydrin (LlCXXVIIa) ~lith Base.- The 
fluorohydrin (LXXXVIIa) was heated under reflux for 30 min. 
in methanolic potassium hydroxide (5f). The mixture was 
cooled and poured into water. Ether extraction gave the 
hydroxy-epoxide (LXXXIVa), identical ~1i th an authentic- sample. 
Reaction of 5,6a-Epoxy-3~-hydroXY-19-Qethylene-5a-cholestane 
(LXXXIVa).- The epoxide (LXXXIVa) (1.0 g.) was reacted with 
boron trifluoride for 5 min.. The reaction mixture was 
acetylated. Preparative t.l.c. [eluting (x 4) in benzene-
ethyl acetate (25:1») gave the fluorohydrin (LXXXVIIa) (330 mg.). 
No other identifiable products were isolated. 
Reaction of 5,6a-EpoXY-3~-methoxy-19-methylene-5a-cholestane 
(LXXXIVc).- The epoxide (LXXXIVc) (760 mg.) was treated with 
li5. 
boron trifluoride for 2 min.. Preparative t.l.c. [in 
benzene-ethyl acetate (19:1») gave five fractions. A fraction 
of highly polar material (230 mg.) was found to be inseparable. 
A second fraction was acetylated and further t.l.c. gave 
6cr-acetoxy-3@-methoxy-5-ethenyl -19-nor-5@-cholest-9(10)-ene 
(xea) (91 mg.), a gum, [cr)D+ 66' (c. 0.52), V . :J010, 
rnax-. 
1635 and 910 (CH2=CHR-), 2820 (OMe), 1740 (C;(), and 1245 
-1 (C-O) cm. ,1::3.8-4.32 (m, X part of ABX system, CH2",CH-), 
4.8-5.50 (m, A B part of ABX system, CH2=CH- and 6-H), 
6.57 (m, ~1~ ca. 10 Hz., 3-H), 6.80 (s, OMe), 8.06 (s, OAc), 
and 9.21 (s, 13~-Me), M (mass spectrum) 470.3770 (C31H5003 
requires 470.3760). Preparative t.l.c. of a further two 
fractions gave 6p-fluoro-5-hydroXY-3~-methoxy-19-methylene-5cr­
-cholestane (LXXXVIlb) (114 mg.), m.p., 147-1480 (from 
methanol), [cr)D+ 340 (c. 2.0), '..J. 3630, 3450 (OH), 
max. 
3090, 1637 and 940 (CH2"'CH-) 2835 (O~le) cm. -1, "1:. 3.31-
3.96 (m, X part of ABX system, CH2=CH-), 4.46-5.30 (m,A B 
part of ABX system, CH2=CH-), 5.60 (m, JHF• ~. 50 Hz., 6-H), 
6.34 (m, wt~. 24 Hz., 3-H), 6.66 (s, O~le), and 9.42 (s, 
13~-Me) (Found: C, 77.70; H, 10.98. C2~49F02 requires 
C, 77.62; H, 11.01%), 6cr-hydroXY-3~-methoXY-5-ethenyl-14-
-methyl-18 ,19-bisnor-5@,8cr,9fl,10cr,1ll/3-cholest-13(17 ) -ene 
(LXXXVIII) (15 mg.), a gum, V 3630 (OH), 3080,1635, 
max. 
and 930 (CH2"'CH-)~ 2835 (OMe) cm.-l , 1: 3.60-4.05 (m, 
X part of the ABX system CH2=CH-), 4.77-5.32 (m, AB part of 
the ABX system, CH2=CH-), 6.25 (m, \'it~. 8 Hz., 6-H), 
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6.61(m,w~.2!!.' 9 Hz., 3-H), 6.94 (s, 0!1e), 9.01 and 9.ll (C(21)H;f 
doublet), 9.11 ~~d 9.19 (side chain methyls), and 9.19 (s, 
14~-Me) (double irradiation 88 Hz., dOlmfield caused the 
C(21)H5doublet to collapse), M (mass spectrum) 428.3648 
(C2gli4802 requires 428.3654), 3~-methoxy-19-methylene-5~­
-cholestan-6-one (LXXXIX) (107 mg.), a gum, [a)n-37°(c. 1.7), 
V 3100, 161fO and 925 (CH_=CH-), 2835 (OMe) and 1713 (C=O) max. --"2 
-1 
cm. ,-C: 3.86-4.42 (m, X part of ABX system, CH2=CH-), 4:r3-
527 (m, A B part of ABX system, ~=CH-), 6.58 (m, wt 
.2!!.. 7 Hz., 3-H), 6.77 (s, OMe), and 9.39 (s, 1313-Me) 
(Fbund: C, 81.18; H, 11.00. C2gli4802 requires C, 81.25; 
H, 11.29%), and the epoxide (LXXXIVc) (42 mg.). The fifth 
non-polar fraction (53 mg.) was not investigated any further. 
3p-MethoXY-5-ethenYl-19-nor-5~-cholest-9(10)-en-6-one (XCb).-
The acetate (XCa) (27 mg.) was hydrolysed and oxidised and 
gave, after t.l.c., 
. 0 
the ketone (XCb) (10 mg.), m.p. 69-71 
(from methanol), V 2830 (OMe), 1718 (C=O), and 935 
max. 
(C~=CH-) cm.-l , iC (100 M.Hz., CDC13 ) 4.00-4~29 (m, X part 
of ABX system, CH2=CH-), 4.84-5.16 (m, A B part of ABX system, 
CH2=CH-), 6.50 (m, wt.2!!.' 8.5 Hz., 3-H), 6.71 (s, OMe), 
and 9.22 (s, 13i3-Me), M (mass spectrum) 426.3502 (C29H4602 
requires 426.Yf98). 
Reaction of 3~-AcetoXY-5,6a-epoxy-5a-cholestane (XIVd).(13 ) -
The epoxide (XIVd) (516 mg.) was reacted with boron trifluoride 
for 5 min.. Preparative t.l.c. [in benzene-ethyl-acetate 
(10:1») gave the fluorohydrin (XVb)(lb) (221 mg.). The 
remaining material was not investigated any further •. 
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The a- and ~-Epoxides (CXIlla) and (CXlllb).- 6~-Acetoxy-3P­
(28) -methoXY-5-methyl-19-nor-5~-cholest-9(10)-ene (8.4 g.) 
was epoxid1sed to give a mixture of tl'/O compounds. Repeated 
preparative t.l.c. of this mixture (in chloroform) gave 
6p-acetoxy-9,10-epoXY-3~-methoXY-5-methyl-19-nor-5p-10a­
-cholestane (CXIlla) (4.3 g.), m.p. 86_870 (from methanol), 
[a)D+ 10.50 (c. 1.2), " max. (CHC13 ) 2830 (OMe), 1735 (C=o) 
and.£!:.. 1240 (C-O) cm.-l , L (CDC13 ) 4.99 (t, J (apparent) 
.£!:.. 9 Hz., 6-H), 6.41 (m, w~~. 8 Hz., 3-H), 6.69 (5, OMe), 
8.01 (5, OAc), 8.78 (5, 5~-Me), and 9.24 (5, 13~-Me) (FOund: 
C, 76.22; H, 10.95. C30H5004 requires C, 75.90; H, 10.62%), 
and 6p-acetoXY-9,10-epoXY-3~-methoXY-5-methyl-19-nor-5~-9p­
-cholestane (CXlIIb) (2.85 g.), a gum, [a)D+ 630 (c. 1.1), 
V (CHC1?) 1725 (C=o), and 1250 (C-O) cm.-l , 1: (CDC13 ) max. J 
5.15 (q, J (apparent) .£!:.. 12 and 4 Hz., 6-H), 6.41 (t, J 
(apparent) .£!:.. 6 Hz., 3-H), 6.69 (5, OMe), 7.98 (5, OAc), 
8.84 (5, 5~-rft.e), and 9.19 (5, 13~-Me) (Found: C, 76.10; 
H, 10.28. C30H5004 requires C, 75.90; H, 10.62%). 
9,10-Epoxy-6~-hydroXY-3P-methoXY-5-methyl-19-nor-5p,10a­
-cholestane (CXIIIc).- Theacetoxy-epoxide (CXlIIa) (100 mg.) 
was hydrolysed a~d gave the hydroxy-a-epoxide (CXIllb) (89 mg.), 
m.p. 134-1350 (from aqueous methanol), [a)D+ 250 (c. 0.8), 
\) (CHC1_) 3610. 3640 (OH), and 1090 (OMe) cm.-l , 
max. J 
-c.. (CDC13 ) 6.00-6.60 (m, 3,6-H), 6.71 (5, OMe), 8.89 (5, 
5~-Me), and 9.27 (5, 13P-Me) (Found, 77.82; H, 11.05. 
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9,10-Epoxy-3@-methoxy-5-methyl-19-nor-5@,10a-cholestan-6-one 
(CXIIId)~88)_ lhe hydroxy-epoxide (CXIIIc) (89 mg.) was 
oxidised and gave the keto-epoxide (CXIlld) (72 mg.), m.p. 
94_960 (from aqueous methanol-acetone), [aln- 8.4
6 (c. 1.1), 
~. -1 6 1 
V max. (CHC13 ) 1712 (C=<» cm. ,L. 6.4 (m, W2" ~. 8 Hz., 
3-H), 6.75 (s, OMe), 8.79 (s, 5P-Me), and 9.24 (s, 13P-Me) 
(lit.,(88a) m.p. 970) [aln - 6.30. 
The @-Epoxides (CXIIIe) ~(CXIIIf).- lhe acetoxy-epoxide 
(CXIllb) (1.10 g.) was hydrolysed and gave 9,10-epoxy-6p-
hydroxy-3P-methoxy-5-methyl-19-nor-5P,9@-cholestane (CXIlle) 
(950 mg.), a gum, [aln+ 46.5°(c. 1.1), \) (CHCl3 ) 3480 max. 
(OH) cm.-l , -r:. (CDC13 ) 6.3-7.0 (m, 3,6-H), 6.71 (s, OMe), 
8.81 (s, 5P-Me), and 9.20 (s, 13P-Me) (Found: C, 77.56; 
H, 11.52. C28H4803 requires C, 77.72; H, 11.18%). Oxidation 
of the hydroxy-epoxide (CXIIIe) (900 mg.) gave 9,10-epoxy-
3@-methoxy-5-methyl-19-nor-5P,9P-cholestan-6-one (CXlllf) 
(800 mg.), a gum, [a1n+ 82
0 (c. 1.4),·V (CHCl3 ) 1715 cm.-
l
, 
max. 
'"(.6.46 (m, \Y~~. 8 Hz., 3-H), 6.70 (s, OMe), 8.65 (5, 5P-Me), 
and 9.19 (s, 13P-Me) (Fbund: C, 78.19; H, 10.98. 
C2aH4~3 requires C, 78.09; H, 10.77~). 
3P-Methoxy-5-methYl-19-nor-5~-cholest-9(10)-ene (CXIVc). (28) _ 
3P-Methoxy-5-methyl-19-nor-5P-cholest-9(10)en-6-one (CXIVb)(28) 
(271 mg.) and freshly recrystall1sed benzenesulphonylhydraz1ne 
(150 mg.) were heated under reflux in ethanol (5 ml.) 
containing concentrated hydrochloric acid (1 drop) for 20 
min.. The mixture was cooled, poured into dilute hydrochloric 
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acid and extracted with ether. The ether extracts were washed 
with sodium bicarbonate solution, dried and the solvent 
removed to give the bcnzcnesulphonYlhydrazone (CxrVd) 
(293 mg.), m.p. 153-1550 (from methanol), [a)n+ 11.50 (c. 
0.65), V 3230, 3080, 2830, 1350, 1220, 1175, 1095, 
max. 
. 1 
865, and 690 cm.- ;"C. 1.50-2.70 (m, aromatic, 5 xC-H) 
6.43-6.85 (m, 3-H), 6.81 (s, OMe), 8.80 (5, 5~-Me), and 
9.30 (5, 13~-Me) (Found: C, 71.32; H, 9.27; N, 5.00. 
C3fi52N20-j3 requires C, 71.19; H, 9.42; N, 5.0)%). The 
hydrazone (CXIVd) (80 mg.) and sodium borohydride (200 
mg.) were heated under reflux for 8 hr. in dry, peroxide 
free, dioxan. The mixture was poured into water. Ether 
extraction gave, after preparative t.l.c., the C(6)-desoxy-
compound (CXIVc) (65 mg.), m.p. 58-590 (from ethanol), [a)n+ 
620 (c, 1.05), '"'" 6.60 (m, w~~. 9 Hz., 3-HJ, 6.76 (s, OMe), 
(28) 0 8.85 (s, 5fl-~le), and 9.22 (5, 13fl-Me) (Ut., m.p. 60 , 
[a)n+ 61.6'). 
The a- and @-Epoxides (CXIIIg) and (CXIIIh).- The olefin (CXIVc) 
(525 mg.) was epoXidised, and preparative t.1.c. of the 
resul tant mixture [eluting (x 2) in chloroform-petrol 
(3:2)) gave 9,10-epoxy-3@-methoxy-5-mcthyl-19-nor-5fl,10a-
~holestane (CXIIIg) (245 rng.), a gum, [a)n+ 29.50 (c. 0.78), 
1:.6.55 (m, ~lt~.10 Hz., 3-H), 6.78 (5, OMe), 8.85 
(5, 5fl-Me), and 9.29 (5, 13fl-Me) (Found: C, 80.66; H, 11.59. 
C2FJi4802 requires C, 80.71; H, 11.61;:;), and 9.10-epoxy-3fl-
meth0xy-5-methyl-19-nor-5@,9@-cholestane (CXIIIh) (160 mg.), 
a gum, [a)n+ 55.5°(c. 0.48),-C 6.55 (m, Ht~. 10 Hz., 3-H), 
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6.8S (5, OMe), 8.90 (5, S~-Me), and 9.18 (s, 13~-Me) (FOund: 
c, 80.94; H, 1l.lS. C2aH4802 requires C, 80:71.; H, 
11.61%). 
ReactIon of the Keto-a-epoxide (CXIlld).- The epoxide (CXIlld) 
(88) (600 mg.) was reacted with boron trifluoride for 7 
min.. Preparative t.1.c. on silver nitrate impregnated silica 
(10%) [in benzene-ethyl acetate (19:1)] gave the diene 
(CXVa) (144 mg.), [a]O- 10So (c. 1.31), ).. 247 n.m., 
max. 
f. 29,000,,"}; 3.78 (5, 1l,12-H), 6.S8 (m, ~I~ ca. 9 Hz., 
max. -
3-H), 6.73 (5, OMe). 8.71 (5, S~-Me), and 9.23 (5, 13~-Me) 
(88a) 0] 0 '\ c (lit., m.p. 70 , [a 0- lOS, A 248 n.m., ~ max. max. 
29,000), the diene (CXVIa) (146 mg.), m.p. 84_8So (from 
methanol), [al
o
- 196° (c. 1.02), A 243 n.m., E 
max. max. 
9,200, -c.. 4.18 (m, l,ll-H), 6.7S (5, OMe), ~. 6.95 
(m, broad, 3-H), 8.81 (5, S~-Me), and 9.26 (5, 13~-Me) (lit., 
(88a) m.p. 8S_86°, [a]o- 2000 , '\ 242 n.m., f-A. max.. max • 
9,200), 3@-methoXY-S,14-dimethyl-18,19-bisnor-S~-8a,9~,14@­
-cholesta-l(10),13(17)-dien -6-one (CXVIla) (118 mg.), a gum, 
[a]O+ 1290 (c. 1.26), V (thin film) 171S (C=<» cm.- l , 
max. 
i:: (100 M.Hz., CDC13 ) 4.66 (m, W!~. 12 Hz., l-H), 
6.64 (5, OMe), 6.76 (m, W~~. 24 Hz., 3-H), 8.64 (5, S!3-Me), 
8.99 (5, 1413-1'1e), and 9.07 (d, J ~. 7 Hz., C(21)H3 ), 
\:: (60 M.Hz., C606 ), 8.84 (5, S!3-Me), 8.94 and 9.0S 
(C(21)Hydou'Jlet), 9.0S and 9.1S (side chain methyls), and 
9.1S (5, 14!3-Me) (double irradiation 88 Hz. downfield caused 
the C(21)Hj' doublet to collapse) (FOund: C, 80.99; H, 10.91. 
C2aH4402 requires C, 81.50; H, 10.75~), and the hydroxy-backbone-
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compound (CXVIIIa) (29 mg.), an amorphous solid, V 
max. 
-1 ) (CHC13 ) 3620, 3500 (OH). and 1710 (C=o) cm. ,-c. (CDC13 
6.46 (m. W~~. 9 Hz., 3-H), 6.74 (s, Or'-1e), 8.60 (s, 51l-Me), 
9.00 and 9.li (C(21)Hj"doublet), 9.00{;,l41l-Me), and 
9.li and 9.21 (side chain methyls), "" (C6D6 ) 8.92 and 9.03 
(C(21)H3 ), 9.03 and 9.14 (side chain methyls), 9.05 (s, 
51l-Me), and 9.14 (s, 141l-Me). 
Hydrogenation of the Compound (CXVIIa).- The diene (CXVIIa) 
(43 mg.) as a solution in ethyl acetate (10 ml.) was 
stirred under an atmosphere of hydrogen with a palladium-
charcoal catalyst for 3 hr.. The mixture was filtered and 
the solvent removed to give a mixture of isomers (37 mg.) 
which were inseparable by t.l.c., -C (CDC1
3
) 6.66 (methoxyl-
methyls), 6.73 (m, W~~. 22 Hz., 3-H's), ~. 8.73 (51l-methyls), 
and ~. 9.03 (141l-methyls). 
Reaction of the Keto-Il-epoxide (CXIIIf).- '!he epoxide (CXIIIf) 
(560 mg.) was reacted with boron trifluoride for 7 min •• 
Preparative t.l.c. of the resultant mixture on silver nitrate 
impregnated silica (10%) [eluting with benzene-ethyl acetate 
(19:1)] gave the diene (CXVIa)(88a) (147 mg.). the backbone-
compound (CXVIIa) (29 mg.), the diene (CXVa)(88a) (128 mg.), 
m.p. 68_690 (from methanol), the diketone (cxrxa) (30 mg.), 
a gum, V 2830, liOO (OMe), 1730 (6-C=O), and 1700 (C=O) 
max. 
-1 
cm. ,1: (CDC13 ) 6.76 (s, OMe), ~. 6.76 (m,3,H), 8.79 
(s, 51l-Me), and 9.32 (s, 131l-Me), M (mass spectrum) 430.3442 
(C2gH4~3 requires 430.3448), and the hydroxy-backbone -
122. 
compound (CXVIIIb) (38 mg.») a gum. V (thin film) 
max. 
3500 (OH). 1710 (C=<». and 1105 (OMe) cm.-1 , ""C (CDC13 ) 
6.64 (s. OMe). 6.32-6.89 (m. 3-H). 8.80 (s. 5~~e), 9.00 
and 9.12 (C(21)H3 ), 9.02 (s, l4~-Me) and 9.12 and 9.22 (side 
chain methyls) [double irradiation 88 Hz. downfield (in C6D6 ) 
caused the C(21)H5doublet to collapse];' 
Dehydration of the Alcohol· (CXVIllb).- The hydroxy-olefin 
(CXVIIIb) 'in pyridine was treated ~Tith thionyl chloride at 
00 for 5 min •• (21) The mixture was poured into crushed ice. 
Ether extraction gave the diene (CXVIla). identical with an 
authentic sample by t.l.c •• 
Reaction of the Acetoxy-a-epoxide (CXIlla).- The epoxide 
(CXIIIa) (700 mg.) was treated with boron trifiuoride for 
7 min.. Preparative t.l.c. of the resultant mixture (in 
chloroform)gave 6~-acetoXY-3@-methoXY-5,14-dimethyl-18,19-bisnor-
5@,8a,9@.14@-cholesta-l(10), 13(17 )-diene (CXVIIb) (:;;:>0 me;.) ,a gum, 
[a)D+ 670 (c. 0.52), ,~ (CHC13 ) 1730 (C=o), 1250 (C-O), max. 
and 1095 (OMe) cm.-l ,l::(CDC13 ) 4.68 (m, w~~. 10 Hz., 
l-H). 5.18 (t, J (apparent) ~. 9 Hz •• 6-H), 6.32-6.72 (m, 
3-H), 6.71 (s, Ol4e), 7.94 (s, OAc), 8.88 (s, 5[3-Me), 9.00 
and 9.12 (C(21)H5doublet), 9.03 (s, 14~-Me), and 9.12 and 
9.22 (side chain methyls) (double irradiation 88 Hz. 
downfield caused the C(2l )H:fdoublet to collapse), M 
(mass spectrum) 456.3604 (C30H4803 requires 456.3603), 
and 6[3-acetoxy-3[3-methoxy-5,14-dimethyl-18,19-bisnor-
-5~,8a,14~-cholesta-9(10),13(17)-diene (CXX) (21 mg.), a gum, 
V (CHC13 ) 1725 (C=<», 1250 (C-O), and 1090 (OMe)cm.-l, max. 
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-r. (CDC13 ) 4.36 (m. W~ .£!!. 18 Hz •• 6-H). 6.50 (m. w~ .£!!. 
10 Hz •• 3-H). 6.71 (s. 0Me). 7.97 (s. OAc). 8.82 (s. 5~-Me). 
9.00 and 9.ll (C(21)H5doublet). 9.01 (s. 14j3-Me). and 9.11 and 
9.21 (side chain methyls) (double irradiation 81 Hz. 
downfield caused the C (21 )H5 doublet to collapse). A third 
minor product was isolated (35 mg.). a gum • ..J (CHC13 ) max. 
)660. 3450 (OH). 1125 (C=<» and ca. 1240 (C-O) cm.-l • -c 
(CDC13 ) 5.04 (m. W~.£!!. 16 Hz •• 6-H). 5.53 (m. W~ .£!!. II HZ •• 
3-H). 1.97 (6. OAc). 8.90 (s. 5j3-Me). 9.02 and 9.12 (C(21)H3-
doublet). 9.12 (14j3-Me). and 9.12 and 9.22 (side chain methyls) 
(double irradiation 81 Hz. dONllf'ield caused the C(21)~­
doublet to collapse). 
The Diene (CXVIIa).- The aoetoxy-diene (CXVIIb) (50 mg.) was 
hydrolysed and oXidised to give the diene (CXVIIa) (41 mg.). 
[cx]D+ 132°(c. 0.53). identical with 'che authentic sample 
1 (by t.l.c •• and H n.m.r. ,spectroscopy). 
Reaction of th~ Acetoxy-j3-epoxide (CXIIIb).- The epoxide 
(600 mg.) (CXIIIb)/Was treated with boron trifluoride for 7 min •• 
The product mixture was separated by preparative t.l.c. 
on silver nitrate impregnated silica (10%) (eluting with 
chloroform) to give 6@-a~etoXY-3@-methoXY-5-methyl-19-
nor-5i'l-cholesta-9.11-diene (CXVb) (210 mg.). m.p. 14.5-
160 (from methanol). [cxlD- 40.50 (c. 3.95).)... 
max. 
249 n.m •• .£ 25.200. \) (CHC13 ) 1125 (C=O). ca. max. max. -
1240, (C-O) cm. -1. -c. (CDC13 ) 3.81 (s. Li..12-H). 5.35 
(m. W~.£!!. 9 Hz •• 6-H). 6.60 (m. w~ 2.!!. 9 Hz •• 3-H). 6.79 
(s. OMe). 8.03 (s. OAc). 8.84 (s. 5i'l-Me). and 9.23 (s. 13j3-l-Ie) 
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(Found: C, 78.14; H, 10.50. C30H4803requires C, 78.89; 
H, 10.59%), 6~-acetoXY-3@-methoXY-5-methyl-19-nor-5~-cholesta-
-1(10 ), 
Amax. 
9(1l)-diene (CXVlb) (100 mg.), 
243 n.m., E. 9,200, \) 2830, 1090 (OMe), 
max. rnax. 
1730 (C=o) and ~. 1240 (C-O) crn.- l , '1: (CDC13 ) 4.34 (m, 
1,1l-H), 5.09 (t, J (apparent) ~. 4 Hz., 6-H), 6.40-7.00 
(m, 3-H), 6.78 (5, OMe), 7.99 (5, OAc), 8.92 (5, 5~-Me) 
and 9.30 (5, 13~-Me) (FOund: C, 78.60; H, 10.52. 
C30H4803 requires C, 78.89; H, 10.59%), and 6@-acetoxy-l0-
-hydroXY-3~-methoXY-5,14-dimethyl-18,19-bisnor-5~,8a,9~,14@-
-cholest-13(171-ene (CXVIIIc) (90 mg.), a gum, [a]D+ 44.50 
(c. 0.68), V max. (CHC13 ) 3620, 3450 (OH), 1725 (C=O), ~. 
1240 (C-O) and 1095 (OMe) cm.-l , -r: (CDC13 ) 4.92 (t, J(apparent~ 
~. 8 Hz., 6-H), 6.3-6.8 (rn, 3-H), 6.75 (s, OMa),7.95 (s, 
OAc), 9.oo~,5~-Me), 9.00-9.12 (C(21)H5doublet), 9.09 (s, 
14~-Me), and 9.12 and 9.22 (side chain methyls) (double 
irradiation 90 Hz. downfield caused the C(21)H5doublet to 
collapse) (FOund: C, 75.69; H, 10.22. C30H5004 requires 
C, 75.90; H, 10.62%). 
Dehydration of the Hydroxy-olefin (CXVIIIc).- The olefin 
(CXVIIIc) (9 mg.) in pyridine (1 rnl.) at 00 was treated with 
thionyl chloride (1 drop) for 5 min.. The mixture was poured 
onto crushed ice. Ether extraction gave the diene (CXVIIb) 
(8 mg.), identical with the authentic sample (by t.l.c. and 
~ n.m.r. spectroscopy). 
Reaction of the a-Epoxide (CXIIIg).- The epoxide (620 mg.) 
was treated 11ith boron trifluoride for 5 min.. Preparative 
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t.l.c. of the resultant miXture [eluting (x 3) in benzene) 
gave 9-hydraxy-3~-methoxy-cholest-5-ene (CXXI) (54 mg.), m.p. 
1390 (from me~nol), [a)n+ 90 (c. 0.45), V max. 3590 (OH) 
cm.-
l
, --c: 4.66 (m, w~ca. 10 Hz.,6_H), 6.4-6.8 (m, 3-H), 
6.77 (s, OMe), 8.88 (s, 10~-Me), and 9.42 (s, 13~-Me) (FOund: 
C, 80.47; H, 11.57. C2£1i4802 requires C, 80.71; H, 11.61%), 
the ketone (CXIXb) (176 mg.), a gum, [a)n-4° (c. 0.63), \) 
max. 
1710 (c=6) and 1100 (OMe) cm.-l,lC 6.76 (s, OMe),~, 6.75 
(m, 3-H), and 9.04 (s, 5~~13~-Me) (Found: C, 80.57; H, 10.75. 
C2£1i4802 requires C, 80.71; H, 11.61%), the diene (CXXII) 
o -1 (108 mg.), a gum, [a)n- 18 (c. 0.85), 'V 1100 (OMe) cm. , 
max. 
"'(.4.75 (m, j·lt~. 6 Hz., 6-H), 6.5-7.0 (m, 3-H), 6.79 (s, 
OMe), 9.13 (s, 10~-Me), and 9.20 (s, 13~-Me) and 3~-methoxy-
5,14-dimethyl-18,19-bisnor-5~,8a,9~,14@-cholesta-l(10),13(17)­
-diene (CXVIIc) (168 ms.), a gum, [a)n+ 750 (c. 0.66), 
\,) 1100 (OMe) cm. -1, -';:4.93 (m, w~ ca. 11 Hz., I-H), 
max. -
6.53-7.00 (m, 3-H), 6.79 (s, OMe), 8.91 (s, 5~-Me), 9.01 and 
9.12 (C(21)H5doublet), 9.04 (s, 14~-He), and 9.12 and 9.21 
(side chain methyls) (double irradiation 88 Hz. downfield 
caused the C(21)~-doublet to collapse) (FOund: C, 84.02; 
H, 11.34. C2£1i4~ requires C, 84.35; H, 11.63%). 
Hydrogenation of the niene (CXVIlc).- The diene (CXVIlc) 
(80 mg.) as a solution in ethyl acetate (10 ml.) was stirred 
under an atmosphere of hydrogen with a palladium-charcoal 
catalyst for 3 hr.. 'lhe mixture was filtered and the 
solvent removed. Preparative t.l.c. of the residue gave 
the olefin (CXXIII) (44 mg.), a gum, "L 6.65-7.20 (m,3-H), 
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6.82 (s. OMe). 9.00 and 9.10 (C(2l)H5 doublet) 9.00(s.5~-Me). 
9.10(s~4~-Me), and 9.10 and 9.2l (side chain methyls). 
Ozonolysis of the Diene (CXVIIc).- A stream of ozone enriched 
oxygen was passed through a solution of the diene (CXVIlc) 
(100 mg.) in chloroform (20 ml.) at _100 for 45 min.. The 
solvent was removed and the residue treated with zinc dust (~. 
100 rug.) in acetic acid (~. 10 ml.) for 2 hr. at room 
temperature. '!he product was isolated by ether extraction. 
Preparative t.l.c. of the crude product [in benzene-ethyl 
acetate (3:1)] gave the A.D-diseco-tetrone (CXXIV) (23 mg.) 
a gum. [alD - 10.5
0 (c. 0.38). )) max. 2830 (0!."VJe). 2720 
(CHO) , -1 . and 1715 (C=<» cm. • -x: 0.23 (t. J ~. 2.5 Hz •• 
CHO). 6.43 (m. W~ ~. 17 Hz •• 3-H). 6.81 (s. OMe). 8.50 and 
8.87 (angular methyl groups). and 8.93 (d. J ~. 7 Hz •• C(21) 
H3 ). M (mass spectrum). 462.3339 (C2aH4605 requires 462.3345). 
Dehydration of the Compound (CXXI).- The hydroxy-olefin (CXXI) 
o (10 mg.) in pyridine (1 ml.) at 0 was treated with thiony1 
chloride (1 drop) for 5 min.. '!he miXture was poured onto 
crushed ice and the product. isolated by means of ether. gave 
the diene (CXXVII) (8 mg.). a gum.-c, 4.70 (m. 6.11-H).~. 
6.4 (broad m. 3-H). 6.76 (s. OMe). 8.75 (s. 10~-Me). and 
9.37 (s. 13~-~le). 
Hydrogenation of the Compound (CXXI).- The hydroxy-olefin 
(CXXI) (30 mg.) in glacial acetic acid (5 ml.) was stirred 
under an atmosphere of hydrogen for 3 hr. with a platinum 
catalyst. The mixture was filtered and the solvent removed. 
Preparative t.l.c. of the miXture [in benzene-ethyl acetate 
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(5:1») gave 3~-methOXY-5a-ch01estane (16 mg.), m.p. 83-84.50 
{from methanol),~6.81 (s, OMe), 7.03 (m, W% ~. 22 Hz., 
. (33) 3-H), 9.21 (s, 10~-Me) and 9.37 (s, 13~-Me) (lit., m.p. 
82_830 ) and 9-hydroXY-31l-methoXY-5a-cholestane (CXXVIII) 
o ' (3 mg.), m.p. 130-132 (from petrol») V (CHC13 ) 3620, male. 
3450 (OH) and llOO (OMe) cm.-l,l: 6.68 (s, OMe), 6.13-6.70 
(m, 3-H), 9.02 (s, 10~-Me), and 9.32 (s, 13~-11e) (Found: 
C, 80.51; H, 12.05. C2aH5002 requires C, 80.32; H, 12.04%). 
Hydrogenation of the Diene (CXXII).- The diene (CXXII) (50 mg.) 
in glacial acetic acid (10 m!.) was stirred under an atmosphere 
of hydrogen for 35 min. with a platinum catalyst. The mixture 
was filtered and the solvent removed to give the olefin (CXXIX) 
(41.5 mg.), a gum, [a)D+ 2.50 (c, 0.93), -r; 6.55-7.15 (m, 3-H), 
6.80 (s, OMe), 9.13 (s, 10~-Me), and 9.37 (s, 131l~e), M 
(mass spectrum) 400.3694 (C2aH480 requires 400.3705). 
~of ,Eu(D, P 11 )3"- A standard solution of 'Eu(DPM)3 
in carbon tetrachloride (50 mg./m!.) was used. Samples 
were made up using a steroid:Eu(DPM)3 ratio of 6:5 w/w •• 
The results are summarised in Table 2, Section 2, 
Discussion 1. 
Reaction of the Olefin (CXXIX) with Ruthenium Tetroxide.-
'!he olefin (CXXIX) (40 mg.) in carbon tetrachloride was shaken 
with sodium metaperiodate (100 mg.), ruthenium trichloride 
(80 mg.) and water (2 m!.) at room temperature for 1 hr •• 
The mixture was poured into a sodium sulphite solution. Ether 
extraction gave a crude product,which \'/as purified by t.!.c. 
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[in benzene-ethyl acetate (10:1)) to give the 8,9-seco-dione 
(CXXXI) (15 mg.), a gum, V 1705 (C=O) cm.-l , 1:.6.59 
mal{. 
(m, w~~. 10 Hz., 3-H), 6.81 (s, OMe), and 8.89 and 9.01 
(angular methyl groups), M (mass spectrum) 432.3604 (C2sH4803 
requires 432.3Go3). 
Reaction of the Olefin (CXXIX) with Osmium Tetroxide.- The 
olefin (CXXIX) (50 mg.) in ether (3 ml.) and pyridine (2 ml.) 
was treated \d th osmium tetroxide (~. 100 mg.) at r-oom 
temperature for 3 weeks. The mixture was diluted with benzene 
and saturated with hydrogen sulphide. The mixture was passed 
through a short alumina column. Removal of the solvent and 
preparative t.l.c. of the residue [eluting (x 2) in chloroform) 
gave the diol (cxxx) (33 mg.), an amorphous solid, V 3600, 
max. 
3540 (OH), and 1100 (OMe) cm.-l , "1: 6.80 (s, OMe), 6.91 (m, 
w~~. 26 Hz., 3-H), 8.90 (s, 10~-Me), and 9.21 (s, 1313-Me), 
M (mass spectrum) 4)4.3760 (C28~03 requires 4)4.3760). 
The diol (cxxx) (33 mg.) in ether (2 ml.) was treated with a 
solution of periodic acid (20 mg.) in ether (2 ml.) at room 
temperature for 1 hr.. The mixture ~Tas poured into sodium 
sulphite solution. Ether extraction gave the 8,9-seco-dione 
(CXXXI) (30 mg.) identical in all respects with the first sample. 
Isomerisation of the Olefin (CXXIX) .-Dry hydrogen chloride was 
passed into a solution of the olefin (CXXIX) (2 mg.) in 
o 
chloroform (5 ml.) for 2 hr. at -30. The solvent was 
removed and the residue taken up in glaCial acetic acid and 
stirred under an atmosphere of hydrogen for 12 hr. with a 
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platinum catalyst. The mixture was filtered and the solvent 
removed. The mass spectrum (m/e 402, m/e 400) indicated 
a mixture of fully saturated and olefinic material. The 
fully saturated material was not 3~-methoXY-5a-cholestane 
(by t.l.c. comparison with a genuine sample). 
Reaction of the @-Epoxide (CXIlIh).- The epoxide (CXlIIh) 
(318 mg.) was reacted with boron trinuoride for 7 min .. 
Preparative t.l.c. (in benzene) gave the diene (CXVIlc) 
(96 mg.). the die ne (CXXII) (25 mg.). 3~-methoXY-5-methyl-
19-nor-5~-ch01esta-9.11-diene (CXVc) (40 mg.), a gum, 
[alD- 54
0 (c. 0.40),), 248 n.m., €.. 27,000, 
max. max. 
1:3.89 (s, l1,12-H), 6.59 (m, w~~. 9 Hz., 3-H), 6.77 (s, 
OMe), 8.78 (s, 5~-Me), and 9.24 (s, 13P-Ne) (Found: C, 84.19; 
H, 11.61 C28H460 requires C, 84.35; H, 11.6)%), and 
9-hydroxy-5-methyl-19-nor-5~,9~,10a-ch01estan-3-one (CXXXII) 
" -1 (65 mg.), a gum, v 3640, 3480 (OH), and 1720 (C=<J) cm. , 
malt. 
1: 9.09 and 9.19 (side chain methyls), 9.09~,5~-Me), and 9.30 
(s, 13~-Me), r·l (mass spectrum) 402.3478 (C2~4602 requires 
402.3498). 
Deuteration of the Ketone (CXXXII).- The ketone (CXXXII) 
(5 mg.) in' sodium methoxide-deuteromethanol (~. 10% solution, 
o 1.5 ml.) was heated in a sealed tube at 80 for 24 hr .. 
The mixture was cooled and poured into I~ater. Ether extraction 
gave a single compound, which was subjected to m~,ss 
spectrometry (see table). 
5-Methyl-19-nor-5~-cholest-9(10)-en-3-one (CXXXllla).-
The hydroxy-ketone (CXXXII) (41 mg.) in pyridine (0.5 ml.) was 
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° treated with thionyl chloride (3 drops) at 0 for 5 min •• 
The mixture was poured into water and ether extraction gave 
the ketone (CXXXIIIa) (36 mg.), a gum, [n)D+ 14.5° (c. 
~ '\ -1 0.72), v 1715 (C=<» cm. ,&:: 9.00 (5, 513-Me), and 9.21 
max. 
(s, 1313-Me), ~1 (mass spectrum) ,384.3372 (C2f440 requires 
384.3392). 
313-Methoxy-5-methyl-19-nor-513-cholest-9(10)-ene (CXIVc).-
The ketone (CXXXIIIa) (35 mg.) in tetrahydrofuran (5 ml.) 
was treated with tri-t-butoxy-lithium aluminium hydride (100 
° mg.) at 0 for 1 hr. with stirring. The mixture was warmed 
up to room temperature and the stirring continued for a further 
2 hr.. The mixture was poured into ~Iater and ether extracted. 
Removal of the solvent gave a cru:le material (pure by t.l.c.), 
V (CHC1
3
) 3580, 3360 (OH) cm. -1, This material was heated 
max. 
under reflux with finely divided potassium (50 mg.) in benzene 
(5 ml.) for 4 hr. under nitrogen. Methyl iodide (2 ml.) was 
added and the mixture refluxed for a further 3 hr.. The mixture 
was cooled and the excess potassium removed by the addition of 
ethanol. The usual work up gave, af:ter t.l.c., the methyl-
° ether (CXIVc) (15 mg.), m.p. 59-60 (from ethanol), 
[n)D+ 59.5° (c.0.3), ";6.60 (m, W~~. 10 Hz., 3-H), 6.74 
(s, OMe), 8.85 (s, 513-Me), and 9.22 (s, 1313-11e) (l1t.;28) 
m.p. 60°, [n)D+ 61.7°). 
8,9-Epoxy-313-hydroxy-5n,8n-lanostane (CXXXIXa)(104) _ 
Epoxidation of the olefin (CXL)(105) (8 g.) gave the epoxide 
(CXXXIXa) (7.2 g.), m.p. 157-159° (from ethyl acetate), 
[n)D+ 5° (c. 1.83) (l1t.il04 ) m.p. 158_162°, [n)D+ 7°). 
131. 
(104 ) 3~-Acetoxy-8,9~poxY-5a,8a-1anostane (CXXXIXb) - Acetylation 
of compound (CXXXIXa) (0.5 g.) gave the epoxide (CXXXIXb) 
(0.5 g.), m.p. 140-1420 (from ethyl acetatc)J[a)O+ 140 (c. 
0.6). \} max:. 1735 (C=<» and l.240 (C-O) cm. -1, -r 5.65 (m, 
H~ 18 Hz., 3-H), 8.05 (s, OAc), 8.89 (s, CH3), 9.10 and 
9.19 (d, side chain methy1s), 9.19 (s, 3 x CH3 ), and 9.25 
(104) 0 [) 0) (s, CH3 ) (Ut. I "m.p. 140-141, a 0+ 15 • 
Reaction of the 8a,9a-Epoxide (CXXXIXb) with Lewis acids;-
(a) With boron trifluoride for 1 min., the epoxide (CXXXIXb) 
(0.5 g.) gave 3~-acetoXY-5a-1anost«7,9(1l)-diene (CXLl) (0.4 g.), 
m.p. 166.5-1670 (from ethyl acetate») [a)o+ 890 (c. 0.8), 
\. 244 n.m., (. 13,550, -c: 4.63 (m, lit 16 Hz., 7-H, 
max. rnax.. 
ll-H), 5.60 (m, W~ 18 Hz., 3-H), 8.04 (s, OAc). 9.01 (s, CIS), 
9.10 and 9.19 (d, side chain methyls), 9.10 (s, CH)' 9.13 
(106) "0 (s, 2 x CH}) and 9.46 (s, CH}) (Ut.) m.p. 167-168 , 
o [a)o+ 88 ):-
(b) With stannic chloride under the same conditions as above 
for 5 min., the epoxide (CXXXIXb) (0.1 g.) gave the 
diene (CXLJ) (90 mg.). 
3~-AcetoXY-9-hydroXY-5a-lanostane (CXLII) (104) _ Finely cut 
lithium (0.5 g.) 1"las added slowly in portions to a stirred 
solution of the epoxide (CXXXIXb) (1.2 g.) in anhydrous 
ethylamine (50 ml.). After 2 hr. a blue colour developed. 
The reaction was continued for a further hour and was then 
quenched by addition of acetone. The mixture was poured into 
\'later and extracted ~Ii th ether. The ether solution was washed 
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with dilute hydrochloric acid(2~). saturated sodium 
bicarbonate solution and water. The solution was dried 
and the solvent removed. The mixture of t~lo products was 
acetylated. Preparative t.l.c. [eluting l'lith benzene:ethyl 
acetate (10:1)] gave the 9a-hydroxy-compound (CXLII) (0.45 g.). 
m.p. 168_1690 (from ethyl acetate). [a]D+ 18° (c. 1.5). 
V 3640. 3560 (OH). 1740 (C=o). and 1243 (0-0) cm.-Jl max. 
c::. 5.68 (m. W! 18 Hz •• 3-H). 8.03 (s. OAc). 8.99. 9.10. 9.15. 
and 9.23 (side chain and other methyls) (Found: C. 78.6; 
(104) 
H. 11.5. C32H5~3 requires C. 78.6; H. 11.55%) (lit •• 
m.p. 163_164°. [a]D+ 7°). (Re crystallisation of an authentic 
sample kindly provided by Professor Fried(104) gave 
material identical with the above sample). A second fraction 
gave the diene (CXLI) (200 mg.). Repetition of this 
reaction in the presence 0 f !-butanol (3 or 12 moles/mole of 
steroid) gave the same products in the same yields but with 
shorter reaction times (30 min. or 10 min. respectively). 
, (W4) 3~-AcetoXY-5a-lanost-9(1l)-ene (CXLIII) . - (a) Thionyl 
chloride (0.8 ml.) was added to a solution of the 9a-hydroxy-
-compound (CXLII) (3.8 g.) in pyridine (20 ml.) at 0°. 
A~ver 5 min. the solution was poured onto crushed ice and 
fil tered. The crude product was recrystallised f'l.'om ethyl 
acetate to give the olefin (CXLIII) (3.5 g.). m.p. 174-l7~. 
[a]D+ 89° (c. 1.3). '"'C 4.80 (m. W! 10 Hz •• 11-H). 5.65 
(m. W~ 18 Hz •• 3-H). 8.05 (s. OAc). 8.94 (s. CH
3
). 9.10 and 
9.19 (side chain methyls). 9.14 (s. 2 x CH_). 9.28 and 
;J 
9.38 (remaining methyl groups) (Found: C. 81.7; H. 11.55 . 
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C32H5402 requires c, 81.65; 
(104 ) H, 11.55%) (lit. ~ m.p. 
o 0 162-165 , [a]D+ 85 ). 
(b) Sulphuric acid (2 drops) was added to a solution of 
the 9a-hydroxy-compound (0.2 g.) in acetic anhydride (2 
mL) and acetic acid (1 m1.) at room temperature. After 
15 min. the solution was poured into brine and the resultant 
mixture extracted Ni th ether. TIle ether extracts were 
washed with sodium bicarbonate solution and water. The 
solution was dried and the solvent removed. The crude 
product, separated by preparative t.l.c. [eluting Nith benzene: 
ethyl acetate (10:1) J gave the 9a-hydroxy-compound (CXLII) 
(25 mg.) and the olefin (CXLIII) (150 mg.). 
(c) A solution of toluene-p-sulphonic acid (22 mg.) and the 
9a-hydroxy-compound (0.1 g.) in acetic anhydride (6.6 ml.) 
was heated on a boiling water bath for 30 min. and poured 
into water. The mixture was extracted with ether in the 
usual way to give the olefin (CXLIII). 
3p-Acetoxy-9,lla-epoxy-5a-lanostane (CXLIVa). - The 
olefin (CXLIII) (1 g.) was epoxidised to give the 9,ll-epoxide 
o (CXLIVa) (1.1 g.), m.p. 188-189 (from ethyl acetate), 
o ., -1 [a]D+ 27 (c. 0.85), ~ 1740 (C=o) and 1245 (C-O) cm. , 
max. 
""t. 5.65 (m, W~ 18 Hz., 3-H), 7.04 (d, J (apparent) ~. 
4.8 Hz., ll-H), 8.06 (s, OAc) and 9.17 (m, side chain and 
other methyls) (Found: C, 78.95; H, 10.85. C3:05403 requires 
C, 78.95; H, ll.2%). 
Reaction of the 9,ll-Epoxide (CXLIVa) with Lewis acids -
(a) The epoxide (CXLIVa) (0.8 g.) with boron trifluoride for 
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20 min. gave a mixture. Preparative t.l.c. [eluting with 
benzene:ethyl acetate (19:1)l gave 3@-acetoxy-5a,9~-lanostan­
-ll-one (CXLVa) (279 mg.), m.p. 199-2000 (from methanol/ 
chloroform)' [aln+ 9(5'J (c. 0.54), V 1740 (acetate max. 
C=O), 1713 (l1,C=O) and 1245 (C-O) cm.-l , L:: 5.50 (m, \!l~ 
19 Hz. 3-H), 8.08 (s, OAc), 9.03, 9.13, 9.23 and 9.25 (side 
chain and other methyls) (Found: C, 79.5; H, 11.25 
C32H5403 requires C, 78.95; H, 11.2%), and 3@-acetoxy-B-
-methyl-lB-nor-5a,8a,14~-lanosta-9(11),13(17)-diene (CXLVI) 
(385 mg.), a gum, [aln- 18° (c. 0.6),-r: (CDC13 , 100 M.Hz.) 
4.7 (t, J (apparent) ~. 4 Hz .. 11-H), 5.51 (m, W-/l-18 Hz .. 
3-H) 7.90 (s, OAc), 9.01 and 9.08 (d, J ~. 7 Hz., C(21)H3), 
8.91, 9.03, 9.06, 9.13 and 9.19 (other methyls), and 9.08 and 
9.17 (d, side chain methyls) (The doublet at 9.01 and 9.08 
collapsed on double irradiation at -149 Hz. to give a broadened 
signal at 9.06), molecular weight (mass spectrum) 468.3963 
(C32H5202 requires 468.3967), M - side chain 355.2636 
(C24~502 requires 355.2637). 
(b) With stannic chloride under the same conditions as above 
for 1 hr. the epoxide (CXLIVa) (0.1 g.) gave a mixture of the 
ketone (CXLVa) and the /.:) 13,17_ compound (CXLVI) as above. 
3~-AcetoXY-5a-lanostan-11-one (CXLVb) - The ketone (CXLVa) 
was heated under reflux in ethanol containing sodium ethoxide 
for 15 min.. The usual work up gave a crude mixture which 
after reacetylation and preparative t.l.c. gave some starting 
material (CXLVa) and the ketone (CXLVb), m.p. 150-151°, [aln 
600 ( «108) 0 [ 1 0 + c. 0.5) lit. J m.p. 150-152 , a n+ 62 ). 
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3~-AcetoXY-7a-bromo-5a-1anost-8-en-ll-one (CXLVIlla).-
N-Bromoacetamide (0.5 g.) was added over a period of 15 min. 
to a stirred solution at 00 of the olefin (CXLIII) (1 g.) 
in peroxide free dioxan (10 m1.), perch10ric acid (0.74 m1. 
aqueous 13% w/v), and water (0.5 m1.). After a further 2 
hr. at room temperature the solution was poured into sodium 
thiosu1phate solution and the resu1tant mixture ether extracted. 
The ether layer was washed with sodium bicarbonate solution and 
water. The solution was dried and the solven.t removed. The 
product obtained contained a large proportion of starting 
material (CXLIII), and was accordingly retreated as above 
but for a prolonged period of 14 hr.. The crude product 
obtained was chromatographed on deactivated a1umina (SO g.) 
and gave the olefin (CXLIII) (150 mg.) and the bromo-ketone 
o (CXLVIIIa) (460 mg.), m.p. 176-177 (from metheno1/acetone), 
[a)n+ 1240 (c. 0.6), ~ (EtOH) 267 n.m., f. 
max. max. 
7.660, ~ 1735 (acetate C=o) 1668 (ll C=O) and 1240 
max. J 
(C-O) cm.-1, -C 5.00 (m, wt 7 Hz., 7~-H), 5.45 (m, wt 19 
Hz., 3-H), 8.04 (s, OAc), 8.70, 8.98, 9.1, 9.15, 9.19 and 
9.26 (side chain and other methy1s) (Found: C, 67.95: H, 8.9: 
Br, 14.1. C32H510)Br requires C, 68.2; H, 9.1; Br, 14.2%). 
)~-AcetoXY-5a-1anost-8-en-ll-one (CXLVIllb) - A solution of 
the bromo-ketone (CXLVIlla) (88 mg.) in ethyl acetate (5 m1.) 
was stirred with a 5% palladium on charcoal catalyst in an 
atmosphere of hydrogen at room temperature for 2 hr.. The 
solution was filtered and removal of the solvent gave the 
o ketone (CXLVIllb) (70 mg.), m.p. 133-134 (from metheno1), 
1)6. 
[a]n+ 1)80 (c. 0.6),·A (EtOH) 251 n.m., E 9,370, 
max. max. 
V 1140 (acetate C=O), 166) (ll..C=O) and 1245 (C-O) 
max. 
cm.-l, 1:: 5.5) (m, W~ 18 ~z., )-H), 8.02 (s, OAc), 8.89, 
9.08, 9.12 and 9.11 (side chain and other methyls) (Found: 
C, 18.85; H, 10.4 . S2H520) requires C, 19.); H, 10.8%) 
(lit.~108) m.p. 119_1200 , [a]D+ 131.)0, ~ 255 n.m., 
max. 
log ~ ).9). 
)@'l1a-Diacetoxy-5a-lanostane (CXLIXb) and )@,l1a-Dihydroxy-
-5a-lanostane (CXLIXa). - Finely cut lithium was added to a 
solution of the ketone (CXLVIllb) (19.5 mg.) in dry ether 
(2 ml.) and liquid ammonia (10 ml.) at _400 at a sufficient 
rate to maintain a blue colouration for 20 min.. Methanol 
was added and the ammonia allowed to evaporate. Ether and 
then water was added to the mixture. The organic layer was 
dried and removal of the solvent gave a crude mixture which 
was acetylated. Preparative t.l.c. gave the diacetate (CXLIXb) 
m.p. 128-1290 (from methanol) (lit. ()11) m.p. 121-1280 ). 
HYdrolysis of the diacetate and the usual work up gave the 
diol (CXLIXa) m.p. 195-1980 (from dichloromethane/petrol) 
(lit. (~3) m.p. 195-1960 ) • 
. : Attempted HYdrolysis of the 9,ll-Epoxide (CXLIVa). -
Treatment of the epoxide (CXLIVa) with (a) aqueous periodic 
aCid/dioxan in a sealed tube at 1000 for 2 hr. (b) aqueous 
dioxan in a sealed tube at 1450 for two weeks(115) and 
(c) aqueous perchloric aCid/methyl ethyl ketone (114) failed 
to give the diol (CXLVIlb). Experiments (a) and (c) gave only 
the diene (CXLI), while the epoxide (CXLIVa) was unchanged in (b). 
1)1. 
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Mass SE!!ctral Data 
Compound Base Peak Molecular Ion Other Ions l!tetastable Peaks 
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition 
(Calcul- (Calcul- ative (Calcul- ative 
ated ated Abund- ated Abund-
Mass) Mass ) ance % Mass) ance )i 
XVIIIf 285 458 14 443 5 1~28.5 458-443 
383 41 331 443-383 
351 21 322 383-351 
345 10 260 458-345 
253 57 235.5 345-285 
225 285-253 
. 
co 
'" r-I XXII 43 416 19 1101 1 354 416-384 
398 2 
387 1 
384 4 
369 1 
366 1 
277 9 
XXIV 41" 398.)187 C2-fi4202 6 285.1849 C1 rj12502 47 
(398.3185) (285.1854 ) 
Mass Spectral Data 
Compound Base Peak Molecular Ion Other Ions r·letastable Peaks 
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition 
(Calcul- (Calcul- ative (Calcul- ative 
ated ated Abund- ated Abund-
Mass) Mass) ance fa Mass) ance f; 
XXIXd 268 408 393 318.5 348-333 
348 309 348-328 
333 296.5 1~08-348 
328 249.5 288-268 
288 
253 219 328-268 • 0\ 
~ 
XXXVd 43 388.2562 C24H3~4 328.2371 C22~202 277.5 388-328 
(388.2613) (328.2402) 267 328-296 
313 
296.2135 C21~8° 
(296.2140) 
285 , 
281 
253 
Mass Spectral Data 
Compound Base Peak 
XXXVII 
m/e FOrmula m(e 
. (Calcul-
ated 
Mass) 
436 
Nolecular Ion 
FOrmula 
(Calcul-
ated 
Mass) 
XXXVIII 18 388.2608 C24~04 
(388.2613) 
Other Ions 
Rel- m(e 
ative 
Abund-
ance % 
17 
421 
418 
376 
356 
316 
296 
328.2394 
313 
296.2135 
281 
255.1752 
FOrmula 
(Calcul-
ated 
Mass) 
C22IS2°2 
(328.2402) 
C21H28O 
(296.2140 ) 
C18H23O 
(255.1749) 
~Ietastable Peaks 
Rel- m(c transition 
ative 
Abund-
ance ~; 
IfOl 436-418 
337.5 376-356 
324 436-376 
277 316-296 
266 376-316 
246 356-296 
60 277 388-328 
267 328-296 
8 
32 
22 
43 
. 
o 
4-
.-f 
Mass Spectral Data 
Compound Base Peak Molecular Ion Other Ions l1etastable Peaks 
rn/e Formula m/e Formula Rel- m/e Formula Rel- rn/e transition 
(Calcul- (Calcul- ative (Calcul- ative 
ated ated Abund- ated Abund-
Mass) Mass) ance % Mass) ance % 
XLVd 398 458 6 lf40 2 362.5 398-380 
429 5 346 458-398 
380 41 342 398-369 
369 66 334 369-351 • 
351 56 317.5 429-369 .-! ~ 
.-! 
XLVe 398 458 3 429 9 346 458-398 
383 6 yf2 398-369 
380 7 334 369-351 
369 70 317.5 429-369 
351 11 
XLVh 43 458 3 440 2 368 398-369 
398 79 363 398-380 
383 8 346 458-398 
380 9 334 369-351 
369 21 324 380-351 
351 17 
Mass S~ctral Data 
Compound Base Peak Molecular Ion Other Ions 11etastable Peaks 
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition 
(Calcul- (Calcul- ative (calcul- ative 
ated ated Abund- ated Abund-' . 
Mass) r~ass ) ance % Mass) ance ~ 
XLIXa 371 418 0.6 400 20 344 400-371 
353 15 336 371-353 
346 15 292 346-317 
317 7 
LIIa 43 401.3422 C27~02 23 . 
(401.3419) (\J .;t 
370.3230 C26H42O 3 
r-I 
(370.3236 ) 
341.2837 C24~70 75 
(341.2844 ) 
LIlb 385.3UO 458.3767 C30H5003 10 428.3664 C2~4802 
C26i4102 (458.3760) (428.3654 ) 
(385.3106) 428.3285 C28H4403 (428.3290) 
414.3497 C28H4602 25 
(414.3498) 
Mass Spectral Data 
Compound Base Peak Molecular Ion other Ions r·!etastable Peaks 
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition 
(Calcul- (Calcul- ative (Calcul- ative 
ated ated Abund- ated Abund-
Mass) Mass) ance % Mass) ance % 
. LIIIc 414 414.3501 C2aH4602 100 399 2 
(414.3498) 396.3399 C2sR440 2 
(396.3392 ) 
385.3109 C26H4102 3 
(385.3106) . 
277 20 '" 4" M 
LIIId 430 412 368.5 430-398 
401 178 430-277 
398 
277 
LVIc 28 416.3653 C28H4802 4 398.3552 C2sR460 19 
(416.3654 ) (398.3549) 
387 3 
380.3440 C2sR44 8 
(380.3443 ) 
369 8 
351.3048 C26H39 8 
(351.3052) 
285 .6 
Mass Spectral Data 
Compound Base Peak Molecular Ion Other Ions Metastable Peaks 
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition 
(Calcul- (Calcul- ative (Calcul- ative 
ated ated AbUnd- ated AbUnd-
Mass) Mass) ance ~ Mass) ance f~ 
LVIIa 351 500.3855 C32H5204 1 440 4 300 4ll-351 425 23 (500.3865) 4ll 10 
380 42 
365 16 
. 
"'" 
"'" .-l 
LVIIb 383 412.3355 C2aH4402 384.3027 C26H4002 356 412-383 
(412.3341 ) (384.3028 ) 348 383-365 383 
397 
370.3233 C26H42O 
(370.3236) 
365 
355.2653 C24~502 
(355.2637) 
Mass Spectral Data 
Compound Base Peak Molecular Ion 
m/e Formula m/e Formula Rel-
(Calcul- (Calcul- ative 
ated ated Abund-
Mass) Mass) ance % 
LVUc' 383. C2f43° 472.3819 C31H5203 9 3296 (383.3314 ) (472.3916) 
LVIlla 327. C22~102 500.3859 C32H5204 
2318 (327.2324) (500. 3865) 13 
Other Ions Metastable Peaks 
m/e Formula Rel- m/e transition 
(Calcul- ative 
ated Abund-
Mass) ance ~j 
lf43 5 
412.3344 C2aR4402 28 
(412.3341 ) 
351.3041f C26~ 85 
(351.3052) 
485 7 
440 3 
425 34 
387.2526 C24H3304 23 
(387 .~35) 
365 17 
267.2117 C20H27 72 
(267.2113 ) 
416.5 
360 
331 
322 
470 
372 
313 
276 
218 
472-443 
472-412 
443-383 
383-351 
500-485 
485-42: 
425-365 
387-327 
327-267 
• In 
.:!" 
M 
Mass Spectral Data 
Compound Base Peak Molecular Ion Other Ions t<Ietastable Peaks 
---"Formula Formula Rel- Formula Rel-m/e (Calcul- m/e (Calcul- ative m/e (Calcul- ative m/e transition ated ated Abund- ated Abund-Mass) Mass) ance % Mass) ance ~ 
LVIIIb 299.2013 C20H2702 412.3338 C2sH44°2 7 397 9 357 412-384 384 37 (299.2011 ) (412.3341 ) 383 38 328 384-355 
355 7 264 299-281 
285.1852 C19H2502 13 217 412-299 
(285.1855) 
281 10 • \() 
-=T 
.-I 
LVIIIc 345.2430 c22~303 458.3775 C30H5003 23 443 27 429 458-443 (345.2430) (458.3760 ) 398 11 363 398-380 
380 9 310 345-327 
369 7 260 458-345 
327 13 250 285-267 
285.2219 C20~90 23 2:?5.5 345-285 
(285.2218) 
267.2112 C20~7 27 218 327-267 
(267.2113) 
Mass Spectral Data 
Compound Base Peak ~lo1ecular Ion Other Ions 1-1etas table Peaks 
mle Formula mle Formula Rel- mle Formula Rel- m/e transition 
(Calcul- (Calcul- ative (Calcul- ative 
ated ated Abund- ated Abund-
~lass ) Mass) ance ", Mass) ance % 
LVIIId 267.2109 C20H27 458.3764 C30H5003 19 443 22 425 39 (267.2113 ) (458.3760 ) 383 13 
365 35 
345.2432 C~303 58 
(345.2430) 
327 71 
285.2213 C20H29O 42 
. 
t-
-"I" (285.2218 ) o-i 
LIXa 351 500.3855 C32H5204 440.3649 C30H4802 387.5 500-440 
(500.3865) (440.3654 ) 328 440-380 
324 380-351 
380 
365 
Mass Spectral Data 
Compound Base Peak Molecular Ion Other Ions 1·1etastable Peaks 
rn/e Formula m/e Formula Re'l- m/e Formula Hel- mic transition 
(Calcul- (Calcul- ative (Calcul- at1ve 
ated ated Abund- ated Abund-
Nass) Mass) ance % Mass) ance % 
LIXc 412.3703 C2c}48° 472.3912 C31H5203 14 383.3323 C2~430 31 360. 472-412 
(412.3705) (472.3916) (383.3314 ) :J5G 412-383 
380.Yf51 C2eH44 38 351 412-380 
(380.3443 ) 321:- 380-351 
322 383-351 
• 351 93 co 
"'" o-i 
LXI 43 414.3495 C28H4602 13 386 55 359.5 414-386 
(414.3498) 342 19 302.5 386-342 
Mass Spectral Data 
Compound Base Peak Molecular Ion Other Ions l'letastable Peaks 
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition 
(Calcul- (Calcul- ative (Calcul- ative 
ated ated Abund- ated Abund-
J\lass) lftass) ance % Mass) ance % 
LXVb 43 416.)657 C28H4802 1.7 401 13 38~ 41.6-401. 398 7 36- 401-383 (41.6.3654 ) 383 27 31f8 383-365 
380 3 268 303-285 
365 6 250 285-267 
303.2315 C20IS1.°2 31. 220.5 41.6-303 . 
(303.2324 ) 0'\ 
.<I-
285.2218 C20H29O 95 201~ 398-285 
r-I 
(285.2218) 
267.2112 C20~7 26 
(267.2113) 
LXVc 299.201.0 C20H2702 412.3335 C2sR4402 4 397 7 264 299-281. 327 2 217 41.2-299 (299.2011) (41.2.3341.) 281. 5 
Mass Spectral Data 
Cvmpound Base Peak Molecular Ion Other Ions t1etastable Peaks 
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition (Calcul- (Calcul- ative (Calcul- ative 
ated ated Abund- ated Abund-
Mass) Mass) ance % [>lass) ance % 
l:oXVe 285 416 8 401 4 366 401-383 
398 2l 250 285-267 
383 33 220.5 416-303 
380 8 
367 10 . 
350 8 f?, 
313 5 r-I 
,03 11 
267 88 
U:vI 43 534.3904 C32H5406 516 439 474-456 498 (534.3920) 474.3697 C30H5004 379 414-396 (474.3709) :;;61.5 474-414 
456.3599 C30H4803 342 456-396 
(456.3603) 
445 
414.3488 C2f!i4602 
(414.3498) 
396.3398 C2f!i440 
(396.3392) 
----
Mass Spectral Data 
Compound Base Peak Molecular Ion Other Ions l-1etastable Peaks 
m/e Formula m/e Formula Rel- mle Formula Rel- m/e transition 
(Caleul- (Caleul- ative (Caleul- at1ve 
ated ated Abund- ated Abund-
J.lass) ~1ass ) anee % ~1ass ) ance % 
LXVIIa 43 532 472 308 419-359 
448 21~9 359-299 
419 
359 
328 
299 • ~ 
413 
...... 
IXVHe 43 448.3558 C2aH4804 13 430 17 448-430 415 12 395 430-412 (448.3552) 412 14 300 335-317 
364.2628 C22H3604 22 296 448-364 
(364.2613 ) 282 317-299 
335 23 
317 46 
299.2023 C20~702 92 
(299.2011 ) 
Compound Base Peak 
m/e Formula 
(Calcul-
ated 
Mass) 
UVIlIc 355 
LXIx 43 
---
LXlC 108 
lo'.lIss Spectral Data 
Molecular Ion 
m/e Formula Rel-
(Calcul- ative 
ated Abund-
Mass) ance <f, 
412.3345 C2aH4402 16 
(412.3341) 
514,3623 ~~50~ 4 514.358) 
414.3494 C2aH4602 
(414.3498) 
Other Ions 
m/e 
384.3023 
383 
454 
394 
365 
396.3383 
386.3520 
386.3140 
371 
367 
333 
320 
247 
Formula 
(Calcul-
ated 
Mass) 
C26H4002 
(384.3028) 
C2aR440 
(296.3392) 
C2T'460 
()86.3549) 
C26H4202 
(386.3185) 
Hetastable Peaks 
Rel- m/e transition 
ative 
Abund-
ance % 
9 
8 
45 
8 
6 
401.5 514-454 
342 454-394 
. 
C\J 
tn 
rl 
Mass Spectral Data 
Compound Base Peak Molecular Ion Other Ions Metastable Peaks 
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition 
(Calcul- (Calcul- ative (Calcul- ative 
ated ated Abund- ated Abund-
Mass) Mass) ance % Mass) ance % 
LXXIV 43 440.3676 C30H4802 
(440.3654) 
429 
369 
351 
'" LXXXVIII It'\ 
297.2230 C21H29O 428.3648 C2cjI4802 17 413 17 398 428-413 .-l 
(297.2218) (428.3654) 395 42 378 413-395 363 27 334 395-363 315.2320 C21H3102 29 280 315-297 
(315.2324 ) 236.5 297-265 
265.1956 C20H25 71 232 428-315 
(265.1956) 
Mass Spectral Data 
Compound Base Peak Molecular Ion Other Ions Metastable Peaks 
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition 
(Calcul- (Calcul- ative (Calcul- ative 
ated ated Abund- ated Abund-
Mass) Mass) ance % Mass) ance % 
XCa 378.3278 C2aH42 470.3770 C31H5003 8 455 4 440 470-455 410.3540 C2cj14ffJ 85 358 470-410 (y{8.3286) (470.3760) 349 410-378 (410.3548) 334 395-363 395 15 272 470-357 384 50 247.5 357-297 382 48 236 297-265 363 18 
357 10 • ff.. 324 10 .-i 
297 25 
265 34 
XCb 28 426.3502 C29H4602 73 398 53 372 426-398 394 55 364 426-394 (426.3498) 333 58 
305 30 
Mass Spectral Data 
. Compound Base Peak Molecular Ion Other Ions Metastable Peaks 
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition 
{Calcul- {Calcul- ative (Calcul- ative 
ated ated Abund- ated Abund-
Mass) Mass) ance % Mass) ance % 
CXVIIa 412 412 100 397 3 238 299-267 
380 3 
365 2.5 
299 26 
267 34 
• 
456.3604 C30H4803 41~~ 427 456-44~ 
t!'I illCVIIb t!'I 
396 366 396-381 M (456.3603) 381 329 441-381 }43 258 456-343 
283 234 343-283 
2~ 223 283-2~ 
CXVIIc 285 398 29 383 21 368 398-383 
3~ 2 321.5 383-3~ 
253 ~7 225 285-253 
204 398-285 
Mass Spectral Data 
Compound Base Peak Molecular Ion Other Ions I·letastable Peaks 
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition 
(Calcul- (Calcul- ative (Calcul- ative 
ated ated Abund- ated Abund-
t·lass ) Mass) ance % Mass) ance % 
CXJXa 43 430.3442 C2f!i4cP3 24 402.3119 C26H4203 
(430.3448) (402.3134 ) 
402.3474 C2f4cP2 
(402.3497) 
346.2868 C2-JI3B02 31 
(346.2872) • 
'" U'\ 
o-l 
CXIXb 120 416 0·7 414 0.66 349 384-366 
384 37 
366 9 
CXlOI 398 398 100 383 11 369 398-383 
366 15 337 398-366 
285 22 225 285-253 
253 6 
230 23 
Mass Spectral Data 
Compound Base Peak ~lo1ecular Ion Other Ions Netastable Peaks 
m/e Fo.rmula m/e Formula Rel- m/e Formula Rel- m/e transition 
(Calcul- (Calcul- ative (Calcul- ative 
ated ated Abund- ated Abund-
~1ass ) Mass) ance % Mass) ance % 
-
CXXIV 462.3339 C2gH4~5 430 
(462.3345) 378.2420 C22134°5 
(378.2406) 
362.2815 C23138°3 
(362.2821) 
}62.208o C21H3005 . r--(362.2093) LC\ 
349 
.-t 
346.2138 C21~04 
(346.2144 ) 
317 
CXXIX 400 400.3694 C28H48O 100 385 23 370 400-285 
(400.3705) 368.3449 C2~44 9 339 400-368 
(}68.3443 J 
287.2377 C20H31O 13 (287.2375) 
Mass Spectral Data 
CO"1POI:.nd Base Peak Molecular Ion Other Ions ~1etastable Peaks 
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition 
(Calcul- (Calcul- ative (Calcul- ative 
ated ated Abund- ated Abund-
Mass) Mass) ance % Mass) ance i 
CXXIX 247 402 39 370 61 
400 21 368 9 Isumerisation 387 45 
385 16 
287 22 
248 20 
• 
'iR 
434.3760 C2sR5003 416.3652 C2sR4802 398.5 434-416 
.-l 
(434.3760) (416.3654) 387.5 416-401 
401 382 416-398 
398.3548 C28H46O 
366 401-383 
355 416-384 (398.3549) 336.5 398-366 
384 
383 
366 
Mass Spectral Data 
Compound Base Peak Molecular Ion Other Ions Me tas table Peaks 
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition 
(Calcul- (Calcul- ative (Calcul- ative 
ated ated Abund- ated Abund-
Mass) Mass) ance % Mass) ance % 
CXXXI 125.0967 Cf!i130 432.3604 C2f!i4S03 38 417 15 lf70 432-417 
'(125.0966) (432.3603) 414 11 397 432-414 400 10 
386 13 
263.2370 C1sH3l0 27 
(263.2375) . 
221.1901 C15H25O 27 
0\ 
ll'\ 
r-l (221.1905) 
CxxxrI r 402:.3478 C2f4602 384 273/74 402-332 369 
I (402.3498 ) 333 
I 332 
\. 331 
330 
~aBB Spectral Data 
Compound Base Peak Molecular Ion Other Ions l~etastable Peaks 
m/e Formula m/e Formula Rel- m/e Formula Rel- m/e transition 
(Calcul- (Calcul- ative (Calcul- ative 
ated ated Abund- ated Abund-
~'Iass ) Mass) ance ~ Mass) ance % 
CXXXII 406 388 270/7J.. 406-332 
DEl1IERATION 373 
333 
332 
331 
330 
CXXll!IIIa 113 384.3372 12 369 354 384-369 • C2fi440 3.3 & 366.3284 C2fi42 0.3 348 384-366 M (284·3392) 336 366-351 (}66.3286) 333 369-351 351 0.33 277 384-326 326.2972 C24H38 . 1.6 191 384-27J.. 
(326.2974 ) 
313 0.47 
271 1.7 
Mass Spectral Data 
COlI'pour.d Base Peak Molecular Ion 
CXLVI 
m/e Formula m/e 
(Calcul-
ated 
Mass) 
Formula 
(Calcul-
ated 
Mass) 
Rel-
ative 
Abund-
ance ", 
453 468.)963 C32H5202 47 
(468.3967) 
Other Ions 
m/e Formula Rel-
(Calcul- ative 
ated Abund-
l·~ass ) ance % 
408 4 
393 12 
355.2636 C24~02 65 
(355.2637) 
295 8 
m/e 
l4etastable Peaks 
transition 
468-453 
468-355 
355-295 
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